Insects associated with the lupin (Lupinus angustifolius) cultivars Fest and Uniharvest by Harris, B. M.
INSECTS ASSOCIATED WITH THE LUPIN 
(LUPINUS ANGUSTIFOLIUS) CULTIVARS 
FEST AND UNIHARVEST 
A thesis 
submitted In partial fulfilment 
of the requirements for the Degree 
of 
Master of Applied Science 
in the 
University of Canterbury 
by 
B.M. Harris 
Lincoln College 
1980 
Abstract of a thesis submitted In 
partial fulfilment of the 
requirements for the 
Degree of M.Appl.Sci. 
INSECTS ASSOCIATED WITH THE LUPIN 
(LUPINUS ANGUSTIFOLIUS) CULTIVARS 
FEST AND UNIHARVEST 
by 
B.M. Harris 
The insect fauna of two Lupinus angustifolius 
cultivars (Fest and Uniharvest) was surveyed between 
October, 1978 and March, 1979. The main sampling 
R 
methods were sweepnetting, use of the D-Vac , and pod 
removal. Glasshouse experiments were carried out with 
species showing pest potential (based on the survey). 
These species were Acyrthosiphon pisum (Harris), Nysius 
huttoni White, and Sidnia kinbergi (Stalenberg). While 
~. pisum and ~. kinbergi had their pest potential 
confirmed, ~. huttoni did not. Although the aphids 
Acyrthosiphon kondoi Shinji, Macrosiphum euphorbiae 
(Thompson) and Myzus ~rslcae (Sulzer) were not studied 
in the laboratory, field data indicated their pest 
potential. Insects to show lesser pest potential were 
Calocoris norvegicus (Gmelin), Hyle~yia deceptiva 
i 
Malloch, and Hylemyia platura (Meigen). Important 
potential predators or parasites were Austromicromus 
tasmaniae (Walker), Coccinella undecimpunctata L., 
Tropiconabis capsiformis (Germar), some Araneae species 
and single unidentified species of Braconidae and 
Eulophidae. 
The cultivar Uniharvest was the preferred host 
presumably because it does not possess the toxic 
alkaloids of Fest. However, crop loss through insect 
damage appeared unimportant compared to th~ 10% loss 
of Uniharvest caused by the aphid-borne bean yellow 
mosaic virus. 
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PART ONE 
INTRODUCTION AND LITERATURE REVIEW 
CHAPTER I 
INTRODUCTION 
While lupins have undergone extensive research to 
ascertain their suitability for growth in New Zealand 
as a forage or grain legume crop, the present trend is 
for research to be centred on their applicability to a 
seed protein and oil industry, as is found in the 
United St-ates, Australia and elsewhere. A study of 
literature showed that no intensive study of the lupin 
insect fauna had been carried out in New Zealand. Also 
it appeared that elsewhere research into the lupin 
. insect fauna had concentrated on individual pest species 
rather than on the overall fauna. Because Lupinus 
angustifolius is the most commonly grown lupin species 
in New Zealand, a survey was designed to sample the 
insect fauna associated with the foliage of two cultivars, 
Fest (alkaloid, bitter) and Uniharvest (low-alkaloid, 
sweet) . 
While the survey was of primary importance, 
additional aims were the following 
(i) To ascertain the presence of potential pests. 
1 
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Cii) To gain some understanding of the possible importance 
of these potential pests. 
Ciii) To elu~idate any possible differences between the 
insect faunas associated with the two cultivars 
which may indicat~ possible differences in levels 
of insect damage. 
Civ) To suggest areas where further, more detailed 
studies of the lupin fauna could be carried out. 
CHAPTER 11 
LITERATURE REVIEW 
2.1 LUPINS: GENERAL INFORMATION 
A. INTRODUCTION 
Except for the South An1erican highland species 
Lupinus mutabilis, large seeded lupins have been grown 
in the Mediterranean~basin and North and Central Africa 
for 3 000 years. History records them being used as 
plant manure, animaI fodder, human foodstuffs and orna-
mentals (Gladstones, 1970). In the 19th century, with 
the advent of lupin breeding in Europe, the area planted 
in lupins increased, but, with the modern importance of 
soyabean as a seed protein-oil crop, lupins have become 
less popular. Recent releases of improved cultivars by 
J.S. Gladstones ln Western Australia have increased their 
production in that area. 
Early lupin varieties were hardseeded, bitter (due 
to an alkaloid content of 1-2%) and suffered from problems 
of pod drop and pod shattering. These dis-
advantages have been overcome by work carried out in 
Europe, Western Australia and the United States, which 
3 
has resulted ln cultivars with characteristics of low 
(0.01-0.05%) alkaloid levels (termed sweet lupins), soft 
seeds, pod retention, non-shattering pods, early flowering, 
early maturation, disease resistance and genetic marking 
of characteristics (e.g. white flowers and seeds in 
sweet L. angustifolius, Gladstones, 1977). 
B. HISTORY OF LUPINS IN NEW ZEALAND 
~. angustifolius has been grown in New Zealand 
as a green manure or forage crop since early this 
century. On light to medium soils, in the drier regions 
of Canterbury, their ability to improve soil fertility 
and withstand diseases, pests and drought resulted in a 
steady increase in their production. In 1945 a record 
area of 2 633 hectares was grown for seed, as well as an 
additional (unknown) very large area for forage (White, 
1961). Since 1950 the ar~a of lupins in Canterbury has 
decreased considerably, due to the improved soil fer-
tility obtained by more modern farming practices and the 
greater use of other forages such as lucerne and clover-
ryegrass mixtures. 
Recently interest 1n lupins has been renewed, due 
4 
to the increasing world demand for seed protein and oil 
for consumption by both livestock and humans. At present, 
seed of sweet ~. angustifollus 1S used extensively 1n 
Western Australia as a protein source for poultry, pigs, 
sheep, cattle and domestic pets. Lupins as a human 
foodstuff have also shown promise (Grain pool of Western 
Australia, post 1974; James, 1977). 
This increase in lupin research prompted the 
evaluation of new lupin cultivars under Canterbury 
5 
conditions (Hill and Horn, 1975; Porter et al. 1976; 
Horn et al .1978). To date only L. albus and more 
especially b. angustifolius cultivars have given suitable 
yields in Canterbury. While the world average yield for 
lupins (674 kg ha-I) is considerably less than that of 
-1" 
soyabeans (1 471 kg ha ) (FAO, 1975), lupins in 
Canterbury out yielded soyabeans. Experimentally, 
soyabeans in Canterbury yielded 1 340 kg ha- l (Dougherty, 
1969), while Canterbury farmers have obtained yields of 
2 700 kg ha- l for L. albus and 4 000 kg ha- l for L. 
angustifolius (Hill and Horn, 1975). 
C. LUPIN CULTIVATION IN NEW ZEALAND 
In New Zealand, lupins can be sown either in autumn 
(March or early April) and harvested the next summer, or 
in spring (mid-September) and harvested the same summer. 
The best yields are obtained from autumn sowings due to 
their greater production of lateral inflorescences formed 
Over a longer flowering period. This in turn gives a 
greater pod set (Withers et al . 1974). Autumn sowing 18 
advantageous in areas where early summer dryness is 
likely to decrease flowering time and hence pod set. 
Good yields can be expected with early spring sown 
lupins when good groW1ng conditions exist during late 
spring and early summer. In such localities, sowing as 
early as possible in spring is advantageous, as again 
this lengthens flowering time while still allowing pod 
maturation before autumn. 
Lupins are harvested by direct heading at the time 
when the pods are dry. This occurs in February or early 
March for spring sown lupins and December or early 
January for autumn sown crops (Withers, 1973, 1975). 
D. DISEASE IN LUPINS 
1. Fungal Diseases 
Lupins are susceptible to several fungal diseases 
especially when grown in damp conditions. Warm 
temperatures also favour a number of these diseases. 
Gladstones (1970) gave an introductory review of the 
countries affected by lupin fungal diseases, the damage 
caused, and the importance. 
In New Zealand lupins are prone to disease if 
grown in areas of high rainfall, high humidity and poor 
drainage. Common fungal diseases capable of inflicting 
crop loss are : grey leaf spot (Stemphylium botryosum 
Wallr.), brown spot (Pleiochaeta setosa (Kirchn.) 
Hughes), stem canker (Ascochyta sp.), fusarium wilt 
(Fusarium oxysporum) and sclerotinia wilt (Sclerotinia 
sclerotorium Lib. d By) (White, 1961; Tate, 1970; 
Lee, 1974). 
2. Viral Diseases and Their Control 
The aphid transmitted viral diseases bean yellow 
6 
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mosaic virus (BYMV) and cucumber mosaic virus (CMV) are 
capable of causing extensive crop loss in lupins 
(Gladstones,' 1970; Lee, 1974). In Canterbury these two 
viruses have caused severe lupin damage (see Table 2.1). 
Lee also suspected subterranean clover red leaf virus 
(SCRLV) of being present in lupins in Canterbury. 
TABLE 2.1 Percentage of BYMV and CMV infection in 
lupin cultivars sown at different dates. 
(From Lee, 1974.) 
Per Cent Virus Infection 
Time of Sowing 
Lupin Cultivar 2.10.73 30.10.73 27.11.73 
L. albus Pflugs 
ultra 71 49 17 
"'=' L. angustifolius Unicrop 61 66 25 
" " Uniharvest 42 48 35 
" " Uniwhite 55 85 18 
L. luteus Weiko III 18 43 9 
Lowe (1968) reported that aphid flight patterns In 
Canterbury showed two peaks; one between mid-
September and early January, and the other between 
late January and June. Because lupins need early 
planting (March or mid-September) they are therefore 
prone to infestation by virus carrying aphids. 
Possible means of controlling the aphids include 
the following : 
(i) The destruction of other host plants. 
(ii) Planting upwind from other crops or host plants 
thereby preventing aphid drift into the lupin 
crop. 
(iii) Planting trap crops which are more attractive to 
the aphids. These then become infested and can 
be destroyed or sprayed. 
(iv) The use of border crops. Corbett and Edwardson 
(1957) found that a trial border of oats ~ould 
possibly reduce and delay the spread of virus in 
lupins by aphids. 
(v) Planting away from wind breaks as they cause 
windborne aphids to drop on to the crop. 
(vi) The use of insecticides In spray or granular 
systemic form (Leuck et al 1962; Close, 1965; 
Blaszczak, 1969). 
(vii) The introduction of predators and parasites. 
Wegorek and Ruszkiewicz (1968) found that 
8 
Aphidius ervi Hal. would cause up to 60% parasitism 
of Acyrthosiphon pisum in the USSR. These authors 
also reported coccinellid predation, as well as 
parasitism by Praon sp., of other aphids found 
on lupins. 
2.2 INSECTS ASSOCIATED WITH LUPINS 
A. WORLD INSECT FAUNA 
Aphids are the universal pest of lupins as they, 
transmit virus diseases to both bitter and sweet 
cultivars, although they feed only from the sweet for 
extended periods. While their distribution within 
susceptible cultivars is usually patchy, they can cause 
serious damage by colonising stems, leaves and buds. 
Several species of Hylemyia (Diptera : Antho-
myiidae) are listed as widespread lupin pests. Their 
larvae burrow into buds, stems, flower racemes and 
developing pods, causing the plant to collapse. Both 
bitter and sweet lupins are susceptible to attack. 
Another important group of lupin pests is the 
weevils (Coleoptera : Curculionidae). The larvae of 
several species of Sitona and Otiorrhynchus attack the 
root nodules, while the adults feed on the growing tips. 
The larvae of several species of Lepidoptera can 
seriously reduce lupin seed yield by burrowing into the 
green pods. Heliothis spp. (Noctuidae) attack both 
bitter and sweet lupins, but once the pod begins to 
harden further damage is prevented. Cnephasia spp. 
(Tortricidae) and Etiella spp. (Pyralidae) are also 
capable of causing severe seed loss. 
A more detailed, worldwide summary of the insects 
associated with lupins is given in Appendix 1. 
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B. NEW ZEALAND INSECT FAUNA 
Little work has been carried out on insects 
associated with lupins in New Zealand. Muggeridge 
(1944) noted larvae of Metoponia rubriceps (Macq.) 
(Diptera : Stratiomyiidae) were found around roots of 
lupins (species unknown). Brusse (1962) found Macro-
siphum euphorbiae (Thos.) on L. angustifolius and 
suggested the presence of toxic alkaloids protected it 
from infestation by this aphid. 
More recently Faulds (1977) reported that the 
noctuimHelicoverpa armigera conferta (Hb.) (formerly 
Heliothis armigera) and Agrotis innominata Hudson were 
commonly found on sand-dune lupins (Lupinus arboreus), 
10 
and suspe~ted their parasitism by Podalonia suspiciosa 
Smith (Hymenoptera: Sphecidae). Kay (pers. comm., 1980) 
reported massive defoliation of L. arboreus by another 
suspected host of P. suspiciosa, the kowhai moth, 
Uresiphita polygonalis maorialis (Fldr. and Rogenh.) 
(Lepidoptera: Pyralidae) (formerly Mecyna maorialis). 
When studying ~. angustifolius, Kay found varying resist-
ance to feeding by ~. maorialis, with wild types showing 
the greatest resistance, and cultivars the least. Kay 
considers this pyralid to have considerable pest potential 
in lupins, as it has a low rate of parasitism, and in 
favourable weather conditions can have up to five gener-
ations per season. Cecyropa sp. (Coleoptera : 
11 
Curculionidae) is also glven by Kay as an occasional 
pest of emergent lupin seedlings in Northland. Further 
studies of this potential pest are underway. 
Thrips are also an observed pest of lupins. 
Withers (pers. comm., 1980) found that thrips damage 
to late developing flowers of L. angustifolius could 
cause greatly reduced podset. 
2.3 SAMPLING TECHNIQUES 
A. INTRODUCTION 
Southwood (1978) gave an authoritative review of 
all aspects of sampling. An earlier excellent but 
les s sophisticated Vlew was given by Ruesink and Kogan 
(1975). 
Data obtained from sampling programmes lS of two 
types; quantitative and qualitative. 
1. Quantitative Data 
Quantitative data lS obtained by absolute sampling 
methods such as removal trapping, core sampling and 
capture-recapture techniques. The aim of quantitative 
data is to express the actual number of insects present 
as a density per unit area of ground habitat. 
2. Qualitative Data 
Qualitative data lS obtained by the use of 
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population indices or relative sampling techniques. 
Ci) Population indices : these methods involve the 
counting of animal products (e.g. frass, webs, 
exuviae, eggs, nests, etc), or effects such as 
plant damage. 
Cii) Relative sampling techniques include sweepnetting 
as well as use of various traps, beating, the 
R D-Vac ,or visual searches. The aim of 
relative sampling techniques is to concentrate and 
capture a roughly consistent portion of all in-
sects present in a habitat. 
The advantage of relative over absolute sampling 
methods is that the researcher can usually catch many 
times more insects for the same expenditure of time 
and effort. Relative techniques are also useful because 
they allow easy comparison of species over time. 
B. TECHNIQUES USED DURING THIS SURVEY 
1. Introduction 
The techniques used during this survey included 
three absolute methods and two relative methods. The 
three absolute methods were: pod removal, complete 
plant removal and direct observation. The two relative 
methods used were: sweepnetting and use of the D-VacR . 
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Because only the two relative methods yielded sufficient 
data for analysis, a detailed reVlew of the three 
absolute methods is not given. 
2. The Sweepnet 
The sweepnet is widely used for sampling insect 
populations because of its simplicity and speed, its 
high return for small cost, and its ability to collect 
comparatively sparsely distributed insects. 
Sweepnet efficiency iB affected by the following 
(i) Different habitats or changes within a habitat. 
Clearly a sweepnet will only sample the upper 
foliage of plants which grow to heights above the 
net diameter. As plant height above the net 
diameter increases, the proportion of the insect 
fauna sampled decreases. Sweepnet efficiency lS 
also seriously impaired by very short foliage. 
(ii) Different sex and species. As is implied above, 
the vertical distribution of the insect on the 
foliage will greatly influence its capture. Insect 
behaviour is also important; insects which drop 
off or flyaway when disturbed may remain uncap-
tured. Those species which live in plant crevices 
or which burrow into stems or leaves may also 
remain unsampled. 
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(iii) Different weather conditions at time of sampling. 
While the sweepnet cannot be used on wet 
foliag~, under dry conditions wind is 
the most important factor affecting insect 
capture (Hughes, 1955). Winds above 6-8 kph 
seriously affect insect capture (Strickland, 
1961). Rornney (1945) found that a mean increase 
in wind velocity of 6.6 kph decreased the capture 
of adult and juvenile beet leafhopper (Eutettix 
tenellus (Bak.)) by 50.2% and 31.3% respectively. 
Humidity, air temperature, and the intensity of 
solar radiation have also been shown to influence 
sweepnet capture. 
(iv) Different time of day. Many insects exhibit diurnal 
behavioural 'cycles which affect their chance of 
capture. Romney (1945) found that the numbers of 
adult and juvenile beet leafhopper captured by 
sweeping increased at dusk up to 33% and 39% 
respectively. 
(v) Different styles of sweeping between different 
users. This problem of variation can be reduced 
by standardising the size of sweepnet, the entire 
sweeping process, and use of the same personnel. 
Because of these above factors (i) - (v) , and 
their affect on sweepnet efficiency, the proportion of 
an insect species within the sweepnet catch may not 
equal its relative abundance In the field (Knetzschmar, 
1948). 
3. 
, R 
The D-Vac 
The D-Vac or vacuum ne~, consists of a net 
similar to the sweepnet housed in a hollow fibreglass 
cone, the narrow end of which is attached by a length 
of flexible hosing (20 cm diameter) to a two-stroke 
motor-operated suction unit. The motor and the suction 
unit are carried on the back in the manner of a backpack 
while. the cone (and 'net) are moved through the foliage 
while held by a handle. 
The D-Vac suffers from the same problems as the 
sweepnet, except that insects which flyaway from the 
sweepnet are more likely to be captured because of th~ 
sucking action. Pedigoet al. (1972) found that the 
D-Vac was biased towards the capture of the smaller 
larvae of the green cloverworm, Plathypean scabra (F.) 
(Lepidoptera: Noctuidae), because the larger larvae 
larvae were less affected by the suction. 
C. COMPARISON OF D-VAC AND SWEEPNET SAMPLING METHODS 
Studies comparing the D-Vac and sweepnet sampling 
techniques have been carried out on cotton (Smith et al. 
--
1976) and soyabean (Pedigo et al .1972; Shepard et al. 
1974). Pedigo etal.(1972) obtained a close correlation 
(r = 0.94 P < 0.001) when comparing mean numbers of 
15 
16 
larval green cloverworm captured but higher RV values 
(standard error 7 mean number of larvae) suggested the 
D-Vac was less accurate than the sweepnet. Shepard 
et al. (1974) found no significant difference between 
D-Vac and sweepnet results, but concluded that the 
lower the sample mean the less reliable the method 1S 
likely to be. In their study, Smith et al. (1976) saw 
considerable short term variation between D-Vac and 
sweepnet results. Despite these variations, similarities 
in the long term seasonal fluctuations of populations 
were clearly seen. 
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PART TWO 
FIELD STUDIES 
CHAPTER III 
METHODS AND MATERIALS 
3.1 INTRODUCTION 
The lupin trial was located on the Plant Science 
Research Area, 3.5 km northwest of Lincoln College, 
Lincoln, Canterbury. Two L. ~ngtistifol~us cultivars, 
Fest (bitter) and Uniharvest (sweet) were drilled at 
-1 . . 80 kg ha ,ln parallel, 0.14 ha plots, ln mld-September, 
1978. A pre-emergence application of the herbicide 
-1 
atrazine, at 1.1 kg ha ,was made at the time of 
drilling. 
Weather conditions throughout the period of 
sampling were recorded at the Lincoln College Meteoro-
logical Station. Research site weather conditions atthe 
actual time of sampling were recorded by the author. 
Upon returning to the laboratory all insects from 
all sampling methods were killed with ethyl acetate 
vapour. Because of the large number of insects captured, 
they were all preserved in 70% ethyl alcohol for later 
counting and identification. 
~8 
3.2 METHODS OF SAMPLING 
Five methods of sampling were used ln the survey. 
A. DIRECT OBSERVATION 
Direct observation of plants of both cultivars was 
carried out on nine occasions during their early develop-
ment in October and early November (see Fig. 3.1). 
Twenty randomly selected plants in each of four randomly 
selected rows were examined and the insects present on the 
plants recorded. 
B. COMPLETE PLANT REMOVAL 
Complete plant removal was carried out on 7 and 21 
December, 1978 (see Fig. 3.1). Twenty randomly selected 
plants from each cultivar were severed at the base and 
placed into plastic bags. After the insects were killed 
in the laboratory, those remaining on the plants were 
washed off in a tray of 70% alcohol, and added to any 
still in the plastic bags. 
C. POD REMOVAL 
A total of 1 400 pods were collected from each 
cultivar, placed in plastic bags and taken back to the 
laboratory where they were examined for signs of internal 
and external insect damage. Because of the differences 
in the maturation dates of the two cultivars, the 
FIG. 3.1 Sampling calender. Dates of sampling ln relation to the stage of growth 
of the two cultivars. 
P.S. = Pod sampling (Pod removal) 
C.P.R. = Complete plant removal 
D.O. = Direct observation 
D.V. = D-Vac 
S. N . = Sweepnet 
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sampling sequence (Fig. 3.1) was altered to compensate 
as follows: 
(i) Fest -17 and 27 January, 1979. On both days 
200 randomly selected pods were collected from 
two randomly selected rows. 
- 5 February, 1979. One thousand randomly 
selected pods were collected from ten randomly 
selected rows. 
(ii) Uniharvest. This cultivar was sampled on 17 
and 27 January, 5, 12, 21 and 26 February and 
5 March, 1979. On all dates, 200 randomly 
selected pods were collected from two randomly 
selected rows. 
D. THE SWEEPNET 
The net used was a standard sweepnet with a 
mouth diameter of 30 cm and a 60 cm long net of very 
fine mesh terylene. Sweepnetting was carried out weekly. 
(weather permitting) from 28 November, 1978, until crop 
maturation in February (Fest) or March (Uniharvest), 
1979 (see Fig. 3.1). Both cultivars were sampled 
simultaneously with the aid of an assistant. 
Sweepnetting was not carried out while the plants 
were in the early growing stages due to the amount of 
damage incurred by sweeping. Sweepnetting was attempted 
between 0900 and 1230 (NZDT) to reduce the possible 
20 
21 
influence of any diurnal movement of insects. Weather on 
two days delayed sampling until the afternoon (see 
Table 5.2). 
Examination of Figure 3.2 shows that both cultivars 
were systematically divided into subsamples according to 
position within the plot. Each individual subsample 
consisted of 15 sweeps taken over a 5 metre row distance. 
As the mean length of each sweep was c. 1.4 metres a 
total length of 21 metres of foliage was swept per 
subsample. With the area of the mouth of the sweepnet 
. -2 2 belng c. 7.1 x 10 m the volume of foliage swept per 
3 
subsample was c. 1.5 m • As 15 sub samples were taken 
from the Fest plot the total volume of Fest foliage 
3 
swept on all sample days was c. 22.5 m . 
Both the number and layout of the subsamples taken 
within the Uniharvest ~lot were modified because of the 
different growth rates within this cultivar (see Fig. 
5 . 1 and p. 94). The final sequence followed within 
the Uniharvest plot was as below 
Ci) 28 November to 7 December, 1978. Six subsamples 
were taken from the early sectors because only the 
plants within these areas were sufficiently mature 
to withstand sweeping without incurring damage. 
The volume of Uniharvest foliage sampled was 
3 therefore c. 9.0 m . 
Cii) 18 December, 1978, to 5 January, 1979. Twelve 
subsamples were taken as the entire Uniharvest 
FIG. 3.2 Areas sampled by the sweepnet and the D-Vac. 
Line along which sweepnet samples were taken. 
• • Line along which the D~Vac samples were taken . 
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plot was sufficiently mature to withstand sweeping. 
3 The volume of foliage sampled was c. 18.0 m . 
(iii) 15 January to 5 March, 1979. Ten subsamples only 
were taken as subsamples 5A and 7A were omitted 
due to the presence of severe BYMV within these 
areas (see Figs 3.2 and 5.1). The resultant 
3 
volume of foliage sampled was c. 15.0 m . 
E. THE D-VAC 
A motorised vacuum net (trade name D-Vac) was 
used weekly from 22 January until the completion of 
sampling (see Fig. 3.1). The D-Vac was not used 
before this date due to its late delivery. 
Examination of Figure 3.2 shows that the Fest 
plot was divided systematically into subsamples accord-
ing to position within the plot. As with sweepnet 
sampling, the sampling layout within the Uniharvest plot 
was modified because of the different growth rates within 
that cultivar. 
Each D-Vac subsample was obtained by slowly 
walking a distance of 25 metres with the net moving 
through the upper foliage. As the area of the mouth 
the net 9.62 10- 2 2 the volume of foliage was c. x m , 
3 
vacuumed per subsample was c. 2.4 m. With five sub-
samples being taken per sample, the total volume of 
foliage vacuumed in each cultivar was c. 12.0 m3 . 
of 
CHAPTER IV 
THE FAUNA 
4.1 INTRODUCTION 
Although only preliminary in nature, one of the. 
aims of this study was to identify species that were 
potential pests of L. angustifolius. Therefore, 
species names are given only for the more important 
species found, or where the insect was identified rela-
tively easily. Insects identified to species level, 
rather than family or subfamily level, exhibited the 
following characteristics 
Ci) They were abundant. 
Cii) They were herbivorous and as such were likely to 
feed on the lupin plants. 
24 
Ciii) Where not herbivorous, they were common on several 
crops and were easily recognised. 
Non-insect species and those insects of which few 
specimens were collected, were identified to ordinal 
level only. For convenience, all relevant information 
concerning each of the Orders, Families and species 
listed is given with its listing. 
Graphical presentation of abundance against time 
was not carried out for the Orders Acarina, Blattodea, 
25 
Lepidoptera, Odonata and Psocoptera due to the low numbers 
captured. The remaining orders (Araneae, Coleoptera, 
Dipter~, Hemiptera, Hymenoptera, Neuroptera and Thysan-
optera) were divided into two sections as follows: 
(i) Those insects which occurred in sufficient 
numbers and/or showed sufficient pest or predator-
parasite potential to be graphed. 
(ii) Those which appear to be of little importance, 
either as a potential pest or predator/parasite, 
despite their abundance. Information concerning 
these insects is presented in tabular form 
in Appendix 2. 
In the orders Coleoptera, Diptera, Hemiptera 
and Hymenoptera a distinction is made betwee·n prominent 
and less prominent species and families. The criteria 
for this distinction were based on the author's SUbjective 
assessment of each species or family's numerical import-
ance, coupled with their pest or predator-parasite 
potential. 
4.2 ORDER COLEOPTERA 
A. PROMINENT SPECIES 
1. Family Coccinellidae 
Coccinella undecimpunctata L. (Eleven spotted 
ladybird). See Figs 4.1 and 4.2. 
FIG. 4.1 The number of C. undecimpunctata captured by the sweepnet versus time. 
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FIG. 4.2 The number of adult C. undecimpunctata captured by the D-Vac versus time. 
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• Uniharvest 
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C. undecimpunctata is known to prey on aphids. 
However, French (1966) and Frazer and Gilbert (1976) 
found that a combination of temperature incompatibility, 
preference for ground dwelling, low aphid consumption, 
inappropriate egg placement and possibly parasitism led 
to an inherently unstable coccinellid-aphid relationship. 
This meant that coccinellids were rarely capable of 
restricting the density of their prey. 
REMARKS: Figures 4.1 and 4.2 show that a greater 
number of C. undecimpunctata were found on Uniharvest 
than on Fest. The possible causes of this were twofold 
(i) The greater abundance of aphids on that cultivar. 
(ii) A repellent effect of Fest on C. undecimpunctata. 
This latter possibility was likely to be of 
lesser importance than the prior. 
The adult C. undecimpunctata popUlation was seen 
to build up on Uniharvest at the time the aphid popula-
tion was declining (December), and then sharply decline 
with the absence of aphids in January. The aphid decline 
was probably the result of the slowing of plant growth 
after flowering (see pp 59-65) thus, the effectiveness 
of C. undecimpunctata as a predator on Uniharvest was 
undetermined. 
2. Family Lathridiidae 
Cortinicara hirtalis (Broun) (det. J.C. Watt). 
See Figs 4.3 and 4.4. 
FIG. 4.3 The number of adult c. hirtalis captured by the sweepnet versus time. 
• Fest 
• Uniharvest 
I = Standard error of the mean 
FIG. 4.3 The number of adult c. hirtalis captured by the sweepnet versus time. 
• Fest 
• Uniharvest 
I = Standard error of the mean 
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FIG. 4.4 The number of adult C. hirtalis captured by the D-Vac versus time. 
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• Uniharvest I = Standard error of the mean. 
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Lathrid adults and larvae feed on moulds, larger 
fungi and mycetozoa (CSIRO, 1970). They are commonly 
found in plant debris and under stones and banks. 
REMAR~S: The numbers of C. hirta1is captured were 
erratic with peaks being observed in Uniharvest in 
early January and February-early March. The cause of 
the large fluctuation in numbers within Uniharvest was 
not immediately apparent. 
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Significantly greater numbers were captured in 
Uniharvest on one week only which suggested a possible 
lack of preference for either cultivar. CSIRO (1970) 
suggests C. hirtalis is unlikely to feed on lupin foliage. 
As the crop was not troubled by fungal disease it was 
possible the lathrid fed from the layer of senesced 
lupin foliage. 
The highest numbers of C. hirtalis were caught 
where fat hen (Chenopodium album L.) contamination within 
both cultivars was greatest. A relationship with this 
weed thus appeared the most likely explanation of the 
large numbers caught. 
B. LESS PROMINENT SPECIES 
1. Family Anthribidae 
Euscoides suturalis Pascoe (Grass stem anthribid). 
See Appendix 2. 
Penman (1978) stated that the larvae of E. 
32 
suturalis are known to inhabit cocksfoot stems (Dactylis 
glomeratus L.), tall oatgrass (Arrhenatherum elatium 
(L.» and tall fescue (Festuca arundinacea Schreb.). 
REMARKS: A~ only three individuals were captured, this 
species is unlikely to be of importance in lupins. 
2. Family Apionidae 
Apion ulicis (Forster) (Gorse-seed weevil). 
See Appendix 2. 
A. ulicis was introduced into New Zealand in 
1931 (Miller, 1931) in an attempt to control gorse. 
Since that date it has become distributed throughout 
New Zealand. 
REMARKS: While A. ulicis feeds inside the gorse pods 
none were found inside lupin pods. This, coupled with 
the low numbers captured, indicated it is unlikely to 
be a pest of ~. angustifolius. 
3. Family Coccinellidae 
Coccinella leorina (F.). See Appendix 2. 
REMARKS: As only one specimen of this predator was 
found, it was considered of no importance within the crop. 
4. Family Curculionidae 
(i) Hyperodes bonariensis Kuschel (Argentine stem 
weevil). See Appendix 2. 
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H. bonariensis lS oligophagous and feeds on 
graminaceous plants, with the larvae damaging the inside 
of the plant- stem, and the adults feeding on the foliage. 
They are capable of severely damaging ryegrass pasture 
and North Island maize crops (Ferro, 1976). 
REMARKS: The presence of H. bonariensis in both L. 
angustifolius cultivars was most likely the result of 
their immigration from the adjacent pasture (see Fig. 
3. 2) . This, coupled with its occurrence in low 
numbers, makes the weevil an unlikely lupin pest. 
(ii) Sitona humeralis Stephens 
See Appendix 2. 
(Sitona weevil). 
S. humeralis In New Zealand inhabits legumes, 
especially lucerne (Medicag~ sativa L.) and medick 
(Medicago polymorpha). Clovers and vetches are also 
attacked. The larvae damage root nodules and the adults 
feed on foliage (Ferro, 1976). 
REMARKS: It was possible that adult S. humeralis 
captured were feeding on L. angustifolius in light of 
their preference for leguminous plants, and the listing 
of five species of Sitona as lupin pests in USSR, USA 
and Europe. Although no root nodules were examined for 
larval damage, it appeared unlikely that the weevil was 
a serious pest because of the low numbers of adults 
captured. Furthermore, their presence as a result of 
casual immigration cannot be discounted. S. humeralis 
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may become more important as a pest when repeated 
cultivation of lupins in the same field allows a build 
up in number~ over two (or more) growing seasons. 
5. Family Ptilidae 
Actidium sp. (det. J.C. Watt). 
See Appendix 2. 
Ptilidae are found on mouldy, decaying plant 
material and dung (CSIRO, 1970). 
REMARKS: The food preference of the Ptilidae indicated 
that they were feeding in the litter layer of senesced 
lupin leaves. Although no litter or soil samples were 
taken, their feeding habits coupled with their low 
numbers make them unlikely to be lupin pests. 
6. Family Staphylinidae 
Species Atheta psuedocoriaria (Bernhauer) 
Atheta sp. 
Tachyporous nitidulus (F.) (det. J.C. Watt) 
See Appendix 2. 
Staphylinidae are found In diverse habitats, and 
while many are predaceous, the precise feeding habits of 
the majority are unkno1;AlD (C,SIRO, 1970). 
Watt (pers. COffiffi., 1980) considers these 
~ 
REMARKS: 
three species to be predators. The low numbers captured 
suggested they would be of little importance as pre-
dators unless highly prey specific. 
7. Unidentified Larvae 
See Appendix 2. 
Due to taxonomic problems associated with the 
identification of juvenile Coleoptera, their identi-
fication was not attempted. 
4.3 ORDER DIPTERA 
A. PROMINENT FAMILIES 
1. Family Agromyzidae 
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The Agromyzidae were identified using the keys of 
Harrison (1959) and Spencer (1976). 
Ci) (a) Cerodontha (Cerodontha) australis 
(Malloch). 
Cb) Cerodontha (Icteromyza) triplicata (Spencer) . 
See Figs 4.5, 4.6, 4.7 and 4.8. 
Members of the genus Cerodontha feed 
exclusively from monocotyledons. In addition to the 
Gramineae (grasses) their hosts include the Cyperaceae, 
Iridaceae and Liliaceae (Spencer, 1973). 
In New Zealand, known hosts of C. australis include 
Hordeum vulgare L. (barley), Lolium perenne L. (perennial 
ryegrass), Triticum aestivum L. (wheat), Dactylis 
glomerata (cocksfoot) and Poa anceps (a native grass). 
Spencer (1976) considered Juncus effuses (soft 
rush) a possible host of C. triplicata. 
FIG. 4.5 The number of adult c. australis captured by the sweepnet versus time. 
• Fest 
• Uniharvest I = Standard error of the mean. 
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FIG. 4.7 The number of adult c. triplicata captured by the sweepnet versus time. 
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FIG. 4.8 The number of adult C. triplicata captured by the D-Vac versus time. 
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(ii) Liriomyza chenqodi (Watt). 
See Figs 4.9 and 4.10. 
The host plants of L. chenopodi are restricted 
to the two closely related families Caryphylla~eae 
and Chenopodiaceae. This agromyzid is found commonly 
on Cerastium holosteoides and is a minor pest of beet 
and spinach (Spencer, 1976). Harrison (1959) gave 
fathen as a host of L. chenopodi. 
REMARKS: The numbers of C. australis captured by the 
sweepnet showed two peaks before declining to low levels 
in March; the first on 5 January and the second on 
22 January. The numbers of C. triplicata captured 
were much smaller, and declined to extinction by 5 
February. The L. chenopodi capture peaked in numbers 
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on 5 January and like C. triplicata declined to extinction 
by 5 February. Unlike C. australis the numbers of L. 
chenopodi captured by the D-Vac did not far exceed 
those of the sweepnet. 
The known feeding habits of these agromyzids 
(CSIRO, 1970) would preclude them from being lupin 
pests, despite the occurrence of C. australis and L. 
chenopodi in large numbers within Uniharvest especially. 
As the plants in the field showed no obvious evidence 
of agromyzid activity, it is most probable that some 
were entering the crop from nearby pasture. On the 
other hand, as fathen is a host of L. chenopodi, the 
infestation of this weed in both lupin cultivars could 
FIG. 4.9 The number of adult L. chenopodi captured by the sweepnet versus time. 
• Fest 
• Uniharvest 
I = Standard error of the mean. 
26 
24 
22 
MEAN 
20 
No. 
PER 6 
SUBSAMPLE 
4 
2 
o 
28 
Nov. 
7 18 23 
DECEMBER 
5 15 22 29 
JANUARY 
5 12 19 
FEBRUARY 
26 5 
MARCH 
FIG. 4.10 The number of adult L. chenopodi captured by the D-Vac versus time. 
• Fest 
• Uniharvest 
I = Standard error of the mean. 
5 19 
FEBRUARY 
26 5 
MARCH 
have accounted for the presence of this species in such 
large numbers. 
It is interesting to note that the numbers of 
Agromyzidae in Uniharvest were consistently higher 
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than in Fest. If lupins are precluded as hosts for the 
larvae of these three species then no obvious explanation 
of this difference in numbers is apparent. 
2. Family Anthomyiidae 
(i) Species Hylemyia deceptiva Malloch (det. R.A. 
Harrison). 
(ii) _ Species Hylemyia platura (Meigen) (det. R.A. 
Harrison). See Fig 4.11 and Appendix 2. 
These two Hylemyia species are not listed as 
pests, although three others are lupin pests in Europe 
and North America (see Appendix 1). Damage is caused by 
the larvae burrowing into the buds stems and flower 
racemes of developing pods. 
REMARKS: The numbers of H. platura captured by both 
D-Vac and sweepnet peaked on 12 February and were higher 
than those of H. deceptiva. Both species were more 
abundant on Uniharvest. While the sweepnet capture was 
small the higher D-Vac count indicated that both species 
were more than just transients. Pest status on Uniharvest 
was further indicated by the high fecundity of each 
female adult, which over two (or more) seasons, could 
FIG. 4.11 The number of adult Hy1emyia spp captured by the D-Vac versus time. 
• Fest ) ) H. platura 
• Uniharvest ) 
0 Uniharvest H. deceptiva 
I = Standard error of the mean. 
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lead to a build up in numbers exceeding the economlC 
threshold. However, the lack of observable damage to 
plants and pods suggested that neither species posed 
a serious threat to spring sown lupins. 
B. LESS PROMINENT FAMILIES 
1. Family Cecidomyiidae 
See Appendix 2 and Table 4.1 
The larvae of most cecidomyids live ln galls on 
plants or in decomposing organic material (CSIRO, 1970). 
REMARKS: The lack of observed plant galls coupled 
with a low capture rate indicated that cecidomyids 
were unlikely to be lupin pests. 
2. Family Chloropidae 
See Appendix 2 and Table 4.1. 
REMARKS: The larvae of many chloropid species 
feed within the young shoots of grasses and other plants 
(CSIRO, 1970). Therefore, the few adults captured were 
most probably migrants from nearby pasture. As no damage 
to the growing tips was observed, it is unlikely that the 
Chloropidae are pests of ~. angustifolius. 
3. Family Ephydridae 
See Appendix 2 and Table 4.1 
While most ephydrid larvae are aquatic, juveniles 
of a few species do live in plant stems and shoots 
(CSIRO, 1970). 
TABLE 4.1 
Aquatic 
Chironomidae 
(larvae) 
Culicidae 
(larvae) 
Simulidae 
(larvae) 
Stratio-
myiidae 
(some 
larvae) 
Syrphidae 
(a few 
larvae) 
Tipulidae 
(some 
larvae) 
Unimportant Diptera captured on L. angustifolius and biological data concerning 
their feeding habits. 
Blood/Sap 
Feeders 
Culicidae 
(adults) 
Muscidae 
(some 
adults) 
Simulidae 
(adults) 
Detritus 
Feeders 
Fungivorous 
Calliphoridae Drosophilidae 
(some larvae) (larvae) 
Lonchopter-
idae 
(larvae) 
Muscidae 
(some larvae) 
Phoridae 
(some larvae) 
Sarcophagidae 
(larvae) 
Sciaridae 
(larvae) 
Sphaeroceridae 
(larvae) 
Stratiomy-
iidae 
(most larvae) 
Tipulidae 
(most larvae)· 
Mycetophilidae 
(larvae) 
Parasitic 
Tachinidae 
(larvae) 
Calliphor-
idae 
(some 
larvae) 
Predacious 
Muscidae 
(some adults 
and larvae) 
Little 
Known 
Heleomyzidae 
Sapromyzidae 
(larvae) 
-1= 
CD 
REMARKS: As no such damage was obvious the presence of 
Ephydridae was likely to be the result of nearby 
waterways. 
4. Family Syrphidae 
See Appendix 2 and Table 4.1 
While the larvae of a few syrphid species are 
aphid predators, most larvae live in rotting vegetation 
or In liquid media (CSIRO, 1970). 
REMARKS: The low number of syrphids captured indicated 
their relative unimportance in the lupin fauna. 
5. Miscellaneous Families 
Further information regarding those Diptera of 
no importance as potential lupin pests is given in . 
Table 4.1. Data relating to the actual capture of 
the families is given in Appendix 2. 
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4.4 ORDER HEMIPTERA 
A. fAMILY APHIDIDAE 
1. Prominent Aphids 
(i) Acyrthosiphon kondoi Shinji (Blue green lucerne aphid) 
See fig. 4.12. 
Corbin (1978) stated that since its recent arrival 
in Australia, ~. kondoi (BGLA) has not affected lupins 
grown in New South Wales. first reported in New 
Zealand in late 1975 (Kain et al . 1976), A. kondoi has 
now spread to all lucerne growing areas. 
Reported host plants of BGLA include a wide range 
of small seeded legumes belonging to the genera Melilothis 
and Trifolium (clovers), Medicago (lucerne) and Lotus 
(Kain et al . 1976). The capture of juvenile and adult 
apterous BGLA on Uniharvest, and lesser numbers on fest, 
indicated L. angustifolius was also an acceptable host 
plant. 
REMARKS: The arrival and build up of A. kondoi numbers 
before 28 November was undetected by direct observation 
possibly due to a patchy distribution within the crop. 
Sweepnetting revealed the A. kondoi population on both 
cultivars declined to extinction during December, although 
during this phase Uniharvest was clearly the preferred 
cultivar. 
On fest, BGLA did not exhibit the same ability to 
FIG. 4.12 The number of adult A. kondoi captured by the sweepnet versus time. 
Alate Apterous 
Fest 11 
Uniharvest • 
I = Standard error of the mean. 
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reproduce that was seen on Uniharvest; the number of 
juveniles captured was much smaller while only a single 
apterous adult was caught. While alate adults cap-
tured on Fest may have matured from juveniles feeding 
from that cultivar, immigration from Uniharvest (or 
other sources) may also have accounted for some of 
their numbers. 
Rohitha (1979) indicated that the numbers of 
BGLA on lucerne far exceeded those captured on 
Uniharvest by complete plant removal. This was probably 
because spring sown lupins have no residual population 
. . 
of BGLA to cause a rapid build up in numbers similar 
to that which occurs in lucerne. 
Cii) Acyrthosiphon pisum (Harris) (pea aphid) 
See Fig. 4.13 and Appendix 2. 
In Europe, North America and Australia, A. plsum 
lS 2 pest of peas, beans, clover and lucerne, as well 
as attacking sweet lupins. Since its arrival In New 
Zealand in 1977 CRohitha, 1979), A. pisum has quickly 
spread to all lucerne growing areas and has become a 
significant pest of this crop. In addition, it is a 
known vector of BYMV and CMV (Kennedy et al • 1962). 
REMARKS: As with all the other aphids captured the 
A. pisum population on both cultivars declined sharply 
during December. Unlike the other aphids a small number 
were captured during January and February. This was 
FIG. 4.13 The number of adult A. pisum captured by the sweepnet versus time. 
Fest 
Uniharvest 
Alate 
• 
• 
Apterous 
I = Standard error of the mean. 
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possibly the result of a small residual population on 
secondary Uniharvest growth, as was indicated by the 
capture of a small number of juveniles and a single 
apterous adult. Immigration of alate adults from 
lucerne was also possible as a result of the presence 
of A. pisum on that crop during summer (Rohitha, 1979). 
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Although detailed data for lupins is only available 
for the USSR (Wegorek and Ruszkiewicz, 1968), studies of 
the pea aphid in New Zealand (Rohitha, 1979) indicated 
that the numbers reached on lucerne far exceeded those 
captured on lupins by complete plant removal. Unlike 
previous studies (Wegorek and Ruszkiewicz, 1968; 
Blaszczak,1969; Gladstones, 1969), both apterous 
adults and juveniles were found on Fest, which indicated 
an ability of A. pisum to reproduce on bitter L. angust-
ifolius. However, there were fewer juveniles captured 
on Fest which indicated that A. pisum is likely to 
have a lesser pest potential 6n bitter lupins than 
on sweet. 
(iii) Macrosiphum euphorbiae (Thos.) (det. R.G. Sunde) 
See Fig. 4.14 and Appendix 2. 
Although generally of little importance, M. 
euphorbiae has been recorded throughout New Zealand on 
over 50 different host plants (Chapman, 1976). 
REMARKS: As with the other aphid species the numbers 
of M. euphorbiae declined to extinction during December. 
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However, unlike the other aphids more apterous adults 
were captured than alate adults. 
While f~then, a known host of M. euphorbiae,infested 
both lupin cultivars, the presence of apterous adults 
and Macrosiphum sp. juveniles on Uniharvest only, 
indicated a potential pest status for M. euphorbiae on 
that cultivar. The ability of this aphid to transmit 
BYMV and CMV further increases its potential as a pest 
of sweet L. angustifolius. 
(iv) Myzus persicae (Sulzer) 
See.Appendix 2. 
M. persicae is found on a wide variety of hosts, 
and, as well as transmitting several virus diseases, is 
known to damage young brassicas (Cottier, 1953). In 
areas of the South Island, this aphid emerging from 
overwintering eggs on peach trees may distort 
young unfolding foliage (Chapman, 1976). 
REMARKS: The numbers of ~. persicae captured were 
small, and all were alate adults. As with the other 
aphids, no further captures were made after December. 
While no apterous adults were captured at any stage, 
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numerous Myzus sp. juveniles were captured on Uniharvest 
especially. This made pest status likely for M. persicae 
on lupins, along with evidence from studies overseas 
(see Appendix 1) and its ability to transmit BYMV and CMV 
(Kennedy et al .1962; Close, pers. comm., 1980; Hill, 
pers. comm., 1980). 
2. Less Prominent Aphids 
(i) Acyrthosiphon malvae (Mosley) (det. R.G. Sunde) 
See Appendix 2. 
Little has been published concerning A. malvae. 
While Cottier (1953) recorded this species as being 
of no economic importance it is found on geraniums 
(Geranium spp.~ Pelargonium spp.) and on chrysanthemums 
(Blackman, 1974). 
REMARKS: All A. malvae were captured in November and 
December and were alate adults, which suggested an In-
ability to reproduce successfully on ~. angustifolius. 
This observation along with the low numbers captured, 
indicated that A. malvae is unlikely to be a lupin 
pest. 
(ii) Brachycaudus helichrysi (Kltb) 
See Appendix 2. 
£. helichrysi is one of the most common species of 
aphid in New Zealand. At times it causes much damage 
to Compositae such as cinerarias and chrysanthemums. It 
lS also a serious pest of red clover in Otago and Marl-
borough as it affects the seed-set and produces such 
quantities of honeydew that the seeds stick together. 
£. helichrysi can also cause severe curling of plum 
foliage in spring (Cottier, 1953). 
REMARKS: The B. helichrysi capture was at no stage high 
ss 
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and was restricted to November and December with a peak 
capture on Fest on 18 December. The capture of only 
alate B. helichrysi indicated that it was not reproducing 
and was there only as a transient species. This was 
supported by the capture of the largest number on Fest, 
on which the specles was less likely to reproduce or 
feed for extended periods, due to the presence of the 
toxic alkaloids. 
(iii) Capitophorous elaeagni (Del Guercio) (det. R.G. 
Sunde). See Appendix 2. 
f. elaeagni is found on several specles of 
Asteraceae. Cottier (1953) stated the aphid was known 
to cause severe damage to the Californian and variegate6 
thistles (Cirsium arvense (L.) and Silybum marianum L.) 
respectively. It also infests the winged thistle 
(Carduus tenuiflorus Curt.), cape weed (Cryptostemma 
calendulacea R. Br.), cardoon (Cynara scolymus L.) and 
eleagnus (Eleagnus pungens Thumb.). 
REMARKS: f. elaeagnt was captured on two days only 
during November and December. All were alate adults 
which were likely to have arrived from the numerous 
thistles in nearby areas. The known host range, coupled 
with the low numbers captured indicated C. elaeagni was 
unlike~y to be a lupin pest. 
Civ) Rhopalosiphum padi L. 
See Appendix 2. 
~. padi is a common aphid infesting Grarninae in 
New Zealand. Spring sown cereals such as wheat, barley 
and oats are affected (Cottier, 1953; Burnett, 
1976). As well as the small amount of damage caused by 
feeding, cereals may also be badly affected by barley 
yellow dwarf virus (BYDV) transmitted by the aphid. 
REMARKS: AII~. padi were captured in.November and 
December and were alate adults which indicated they 
had immigrated from nearby cereal crops. The known 
preference of this aphid for Graminae, coupled with 
its low numbers, suggest it is unlikely to be a lupin 
pest. 
(v) Aphid juveniles. 
See Fig. 4.15 and Appendix 2. 
Although the taxonomy of juvenile aphids is 
diffi9ult, Sunde (pers. comm., 1979) suggested that 
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the juveniles captured were from the genera Acyrthosiphon, 
Macrosiphum and Myzus. Due to the taxonomic difficulties 
no separation of the relative proportions of each genus 
was attempted. 
REMARKS: The numbers of aphid juveniles captured clearly 
peaked on 7 December then declined sharply to very low 
levels by 23 December. From this time forward their 
capture was sporadic. 
,. 
FIG. 4.15 The number of aphid juveniles captured by the sweepnet versus time. 
• Fest 
• Uniharvest 
I = Standard error of the mean. 
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Figure 4.15 shows a clear reproductive prefer-
ence by the aphids for Uniharvest rather than Fest. 
Subsample lOA Fest, 7 December, 1978, was the only 
subsample from that cultivar to reveal large numbers of 
juveniles. The area encompassing this subsample was 
also the only substantial area in Fest to show BYMV 
symptoms which indicated a likely aphid-virus relation-
ship. 
(vi) Miscellaneous aphids. 
See Appendix 2. 
A further five aphid species were captured during 
sampling, all of which were represented by a single 
speclmen. They were Aphis cracci vora Koch;", Cavariella 
aegopddi (Scop), Hyperomyzus lactucae (L. )*, Macrosiphum 
(Sitobion) miscanthi (Tak.)*, and Rhopalosiphum maidis 
(Fi tch). 
3. Discussion 
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As was expected In the light of the toxicity of 
Fest, Uniharvest was the preferred host for all prominent 
aphid species. The aphid population declined to extinc-
tion between 28 November and 5 January, with the last day 
of capture being 23 December (for all aphid species 
except A. pisum). This phenomenon was also observed by 
Lowe (1966) who sampled alate aphid populations in 
Canterbury over four years. 
Det. R.G. Sunde. 
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Several studies have been carried out which, when 
combined, glve a comprehensive coverage of factors 
affecting aphid population dynamics. Rain, temperature, 
natural enemies, disease, migration of alate adults, and 
the physiological (nutritional) state of the plants are 
known to be important (Broadbent, 1953; Dunn and 
Wright, 1955; Hughes, 1963; Dixon, 1973; Campbell 
et al.1974; Campbell and MacKauer, 1975; Rohitha, 
1979). 
(i) Rain fell in November on five days early in the 
month with none falling between 16 and 30 
November. While light rain was recorded, heavy 
rainfall did not occur until 10 December, before 
which the aphid decline was already strongly 
apparent. Rain was therefore unlikely to have 
directly affected the aphid population decline. 
However, lack of raln after 16 November, in 
conjunction with the light soil conditions, 
would have resulted in water stress especially 
for the plants in the more stony soil. This in 
turn would have led to early flowering and leaf 
senescence. The resultant decrease in plant 
vigour would have stressed the aphid population. 
(ii) Temperature has been shown to be vitally important 
in aphid development. Various studies (Broadbent, 
1953; Campbell et al 1974; Campbell and 
MacKauer, 1975; Rohitha, 1979) have shown that 
above the developmental threshold temperature 
(d.t.), the rate of aphid development lncreases 
with increasing temperature until the optimum 
temperature (o.t.) is reached. Increases of 
more than 2 or 30 C above this temperature are 
detrimental. 
The developmental threshold temperature 
and the optimum temperature for the following 
aphids are given below: 
(a) A. kondoi where d.t". = 2.63 0 C 
o.t. = 20.5 0 C 
(i.e. A. kondoi lS a ~ool adapted species 
(Rohitha, 1979». 
(b) A. plsum where d.t. o = 4.0-5.6 C 
o.t. o = 28-30 C 
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(i.e. A. pisum is a warm adapted specles (Campbell 
et aI, 1974; Campbell and MacKauer, 1975». 
(c) M. persicae where d.t. = 4.3 0 C 
o.t. = 26.0o C 
(Broadbent, 1953). 
In the light of the information in Table 4.2 
it would appear that while temperature may have 
been the cause for the decline in the numbers of 
A. kondoi, it was unlikely to have caused the 
TABLE 4.2 
November 1-19 
Summary of the temperatures recorded at the Lincoln College Meteorological 
Station during the time of the observed decline in aphid numbers. 
Number of 
days max. 
temp. 
20-25 0 C 
7 
Number of 
days max. 
temp. 
> 2S o C 
3 
Maximum 
temperature 
29.4 
Mean 
maximum 
temperature 
19.1 
Mean 
minimum 
temperature 
7. 7 
November 20-30 2 1 29.4 21. 3 9.4 
December 10 4 26.7 19.7 10.2 
m 
N 
decline in A. pisum. Because the numbers of 
A. kondoi and all other aphids declined simul-
taneously, temperature does not appear to have 
been the most important factor in the decline 
of the aphid populations. 
(iii) While there was potential for coccinellid 
predation of aphids, previous studies (see 
(iv) 
C. undecimpunctata p. 28 ) show that this factor 
lS unlikely to cause aphid extinction. 
Some braconids were captured at the time 
of the aphid decline, but no evidence, in the 
form of insect cadavers, was found to indicate 
that there had been an observable rate of 
parasitism. 
As there was no evidence of disease in any 
aphids captured, the decline in numbers did not 
appear attributable to this cause. 
Cv) Aphid migration by flight is not fully under-
stood. It appears that two factors influence 
the production of alate adults. They are: 
Ca) A deterioration in the host plant's nutritional 
status due to aging or insect damage CHughes, 
1963; Way, 1968). 
Cb) Tactile stimuli which result from overcrowding 
(Johnson, 1965; Lees, 1966; Tobaet al. 1967; 
Emden and Bashford, 1969, 1972). The threshold 
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at which the tactile stimuli become important lS 
in turn responsive to temperature (Emden and 
Bashford, 1969) and the nutritional status of 
the plant (Johnson, 1966; Sutherland, 1~69; 
Emden and Way, 1972; Way, 1973). 
In the field, the relative importance of 
the host plant's nutritional status and tactile 
stimuli remains unknown and may vary between 
different aphid species. The number of A. kondoi 
captured were small (in relation to lucerne 
catches) (Rohitha, 1979) and those of A. pisum 
and M. euPhorbiae even smaller. This indicated 
that tactile stimuli were unimportant in this 
case. 
The low numbers captured coupled with the 
relatively late commencement of sweepnetting 
gave restricted data on which to base any further 
conclusions regarding the production of alate 
adults on L. angustifolius. For both A. kondoi 
and A. pisum the alate capture was significantly 
greater than the apterous, but for M. euphorbiae 
-
the reverse was the case. Therefore,it would 
appear that the two genera were responding 
differently to identical stimuli. If tactile 
stimuli were unimportant, then the difference 
was probably in the response to the nutritional 
status of the plant(s), which at this time was 
decreasing due to the slowing of growth with the 
onset of flowering and podset (see Fig. 3.1). 
This decrease in plant nutritional status would 
have led to a decline in all aphid populations 
as a result of a twof'old effect: 
(a) Causing increased production of alate adults 
with an assumed increase in loss through 
emigration. 
(b) Lower fecundity and higher mortality of the 
remaining population. 
In conclusion, it appeared that a decrease in 
host nutritional status due to age and accentuated 
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by decreased rainfall, was the primary cause for the 
decline in all aphid populations. In A. kondoi and 
other cool adapted species, the increase in temperatures 
may have also partially contributed to their decline. 
B. OTHER PROMINENT HEMIPTERA 
1. Family Lygaeidae 
Nysius huttoni White (Wheat bug). 
See Figs 4.16 and 4.17. 
Burnett (1976) lists the hosts of N. huttoni as 
cereals, crucifers, peas, linseed, lucerne, strawberries, 
raspberries, weeds and several other vegetable crops. 
FIG. 4.16 The number of N. huttoni captured by the sweepnet versus time. 
Adults Juveniles 
Fest • o 
Uniharvest • o 
I = Standard error of the mean. 
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FIG. 4.17 The number of N. huttoni captured by the D-Vac versus time. 
Adults Juveniles 
Fest • o 
Uniharvest • o 
I = Standard error of the mean. 
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While the insect does not normally feed on cereals, 
during drought conditions when alternate hosts are 
scarce, they will feed on wheat grain in the milk-ripe 
stage making the grain unusable for baking flour. 
REMARKS: An examination of Figures 4.16 and 4.17 showed 
that the numbers captured by both the sweepnet and 
D-Vac were erratic with neither cultivar being clearly 
favoured. For the sweepnet, although not significant, 
the greater number of N. huttoni were captured on 
Uniharve.st, while the D-Vac indicated Fest to be the 
preferred cultivar. 
Sweepnetting fat hen between the two cultivars 
revealed N. huttcni as the dominant insect. As both 
cultivars were infested with fathen, this probably 
accounted for both the high numbers. of the insect 
captured and its apparent lack of pref.erence for either 
cultivar. 
2. Family Miridae 
(i) Calocoris norvegicus (Gmelin) (Potato mirid). 
See Figs 4.18. 
A recent introduction, little is known of the 
biology of C.norvegicus in New Zealand. In Europe, it 
is a minor potato pest. The known host range of C. 
norvegicus includes potatoes, beans, peas, turnips, 
lettuce, si1verbeet, rhubarb, asparagus and possibly 
lucerne (Chapman, 1976). 
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FIG. 4.18 The number of C. norvegicus captured by the sweepnet versus time. 
Adult Juveniles 
Fest • 0 
Uniharvest • 0 
I = Standard error of the mean. 
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REMARKS: On both cultivars, juvenile numbers were seen 
to decline in late November and early December and 
probably caused the peak in adult numbers in the second 
half of December. The lack of juveniles observed after 
the adult peak suggested the insect was univoltine. 
This was supported by the observation of the same 
phenomenon on lucerne (Farrell and Stufkens, 1980). 
Pest status on L. angustifolius was indicated by 
the following: 
(a) The ability of C. norvegicus to feed on other 
similar legumes (peas and beans). 
(b) The capture of adults and juveniles on both Fest 
and Uniharvest which suggested an ability to 
feed from both. 
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(c) The close taxonomic relationship between C. norve-
gicus and Sidnia kinbergi (Stal.) coupled with 
the results of glasshouse studies of ~. kinhergi 
which revealed an ability to feed on both 
cultivars. 
(ii) Sidnia kinbergi (Stal.) (formerly Eurystylis 
australis) (Australian crop- mirid) . 
See Figs 4.19 and 4.20. 
While little is known of ~. kinbergi in New 
Zealand, it does attack lucerne, particularly at flower-
ing, thereby damaging the seed in the milk stage 
(Burnett, 1976). Baker (1979) reported ~. kinbergi 
FIG. 4.19 The number of S. kinbergi captured by the sweepnet versus time. 
Adults Juveniles 
Fest • 0 
Uniharvest • 0 
I = Standard error of the mean. 
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FIG. 4.20 The number of S. kinbergi captured by the D-Vac versus time. 
Adults Juveniles 
Fest • o 
Uniharvest • o I = Standard error of the mean. 
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damage on the young fruit and shoots of passionfruit. 
Control was achieved by applying maldison or dichlorvos. 
The mirid also damaged the flowers and fruit of straw-
berries but was controlled by mevinphos. 
also found to be a host. 
Clover was 
REMARKS: Figures 4.19 and 4.20 show Uniharvest to be 
the preferred cultivar, although later experiments in 
the glasshouse showed ~. kinbergi was capable of feeding 
successfully from both cultivars. Numbers were seen to 
peak on Uniharvest during the first half of February as 
a result of nymphal maturation. The decrease in S. 
kinbergi numbers after mid February was probably 
attributable to crop maturation, although some remained 
on the small amount of secondary Uniharvest growth. In-
vestigation of an adjacent Uniharvest trial, one month 
less mature, showed the insect was present in high 
numbers throughout February before advanced maturation 
began. 
Investigation of fallow land heavily infested 
with fathen revealed high numbers of ~. k~nbergi during 
February and March. Although fathen infested both 
cultivars, the low numbers of S. kinbe~gi captured from 
Fest indicated this alternate source would not have 
seriously affected the numbers caught on Uniharvest. 
For further lliformation on S. kinbergi see 
pp 121-135. 
3. Family Nabidae 
Tropiconabis capsiformis (Germar) (formerly 
Nabis capsiformis). 
See Figs 4.21 and 4.22. 
T. capsiformis is commonly found throughout New 
Zealand. Myers (1926), Cumber (1959), Eyles (1960) and 
White (1964) recorded the insect on crops including 
grasses, lucerne, red clover, maize, chou mollier, 
swedes, turnips, weeds and tussock as well as rushes, 
sphagnum moss and Cyperus (Cyperaceae). The range of 
known prey (Valentine, 1967) includes Acarina, Diptera 
(Syrphidae), Hemiptera (Aphididae, Lygaeidae), Hymen-
optera (Aphelinidae, Ceraphronidae) and Lepidoptera 
larvae (Noctuidae, Pieridae). 
REMARKS: !. capsiformis was absent from the fauna 
until early January, and it was not until mid February 
that its numbers began to rise. 
MacFarlane (1970) thought T. capsifor~is may prey 
upon ~. kinbergi and suggested ~heir population levels 
may be synchronous. While not proven, the numbers of 
T. capsiformis on Uniharvest were seen to increase three 
to four weeks after ~. kinbergi numbers increased indi-
cating a possible relationship between the two species. 
With .§.. kinbergi showing potential as a pest of autumn 
sown lupins (see pp 134-135), it is possible T. capsiformis 
may help reduce its numbers at this time. 
74 
FIG. 4.21 The number of T. capsiformis captured by the sweepnet versus time. 
Adult Juvenile 
Fest • o 
Uniharvest • o 
I " Standard error of the mean. 
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FIG. 4.22 The number of T. capsiformis captured by the D-Vac versus time. 
Adult Juveniles 
Fest • o 
Uniharvest • o 
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Henderson (1978) reported that the closely 
related Nabis maoricus Walker was effective in con-
trolling lat,,,, summer and early autumn populations of 
BGLA in the Manawatu. With T. capsiformis being 
abundant ln Canterbury in autumn, the ability of this 
predator to control any BGLA that may occur on autumn 
sown lupins needs further research. 
C. LESS PROMINENT HEMIPTERA 
Six other species of Hemiptera were captured 
during the sampling programme. All were identified by 
C.F. Butcher. They were the following: 
(i) Cicadellidae 
(ii) Lygaeidae 
(iii) Miridae 
(iv) Psyllidae 
Horouta inconstans Knight 
See Appendix 2. 
Zygina zealandica Myers 
See Appendix 2. 
Rhypodes calvicornis F. 
See Appendix 2. 
Sejanus albisignata Knight 
See Appendix 2. 
Psylla acaciae Maskell 
See Appendix 2. 
Trioza discariae (Tuthill) 
See Appendix 2. 
The numbers of these insects captured were small 
and as such they were likely to have been unimportant 
in the L. angustifolius fauna. 
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4.5 ORDER HYMENOPTERA 
A. PROMINENT FAMILIES 
1. Families Braconidae and Eulophidae 
See Figs 4.23, 4.24, 4.25 and 4.26. 
The Braconidae were most abundant from late 
December through to early February with no clear peak 
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in numbers emerging. The braconids were not identified 
below Family level, but four types (species) became 
apparent with one of these appearing dominant throughout. 
The Eulophidae were the dominant Hymenoptera 
present throughout the sampling programme. Although 
the eulophids were not identified below Family level, 
SlX types (species) emerged. One of these appeared 
dominant and was responsible for the peak in eulophid 
numbers between 22 and 29 January. 
REMARKS: The Braconidae are exclusively parasitic as are 
the majority of The Eulophidae. Therefore, 
the capture of a greater number of both families on 
Uniharvest indicated the presence of a host with greater 
abundance on that cuI tivar, assuming any repelle.nt effect 
on Fest could be ignored, and all females captured were 
searching for, or newly emerged from, insect hosts. The 
large count for both families from the D-Vac sample 
Uniharvest on 22 January, suggested abundant host numbers. 
At that time, the most likely hosts available for 
parasitism were Diptera, in view of the host range of 
FIG. 4.23 The number of adult Braconidae captured by the sweepnet versus time. 
• Fest 
• Uniharvest 
I = Standard error of the mean. 
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FIG. 4.24 The number of adult Braconidae captured by the D-Vac versus time. 
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I = Standard error of the mean. 
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FIG. 4.25 The number of adult Eulophidae captured by the sweepnet versus time. 
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I = Standard error of the mean. 
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FIG. 4.26 The number of adult Eulophidae captured by the D-Vac versus time. 
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both families (CSIRO, 1970). However, there 1S a need 
for a more detailed taxonomic examination of both 
families, as, well as further investigation of their 
biology, before any definite conclusions can be drawn. 
B. LESS PROMINENT FAMILIES 
A further 11 Families of Hymenoptera were cap-
tured during the sampling programme (see Appendix 2). 
They were the following: 
(i) Apidae 
(ii) Ceraphronidae 
(iii) Cynipidae 
(iv) Diapriidae 
(v) Encyrtidae 
(vi) Figitidae 
(vii) Formicidae-
(viii) Halictidae 
(ix) 
(x) 
(xi) 
Ichneumonidae 
Pteromalidae 
Scelionidae 
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Although, for all except the Apidae and Halictidae, 
a few adults are capable of parasitising numerous host 
individuals (thereby exerting a significant effect on 
an insect population), the low numbers of these families 
captured indicated their likely unimportance within the 
L. angustifolius fauna. 
4.6 ORDER LEPIDOPTERA 
See Appendix 2. 
The numbers of adult and larval Lepidoptera 
captured on Fest and Uniharvest were both erratic and 
small. All larvae captured were small (less than 
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5 mm in length) and the lack of observable damage to 
the crop, coupled with their low numbers, indicated 
their unimportance on L. angustifolius as pest insects. 
4.7 ORDER NEUROPTERA 
Family Hemerobiidae 
Austromicromus tasmaniae (Walker) (formerly 
Micromus tasmaniae) 
See Fig. 4.27 and Appendix 2. 
Hilson (1964) stated that predation by adult and 
juvenile A. tasmaniae was possibly effective in slowing 
the increase of aphid populations on chou mollier and 
cabbages in spring. Other less important prey included 
Psyllidae, Psocoptera, the eggs of Diptera, Coleoptera 
and Lepidoptera, and syrphid larvae; all these being 
small and soft bodied. 
REMARKS: The D-Vac sampling indicated the presence 
of large numbers of adults on Uniharvest, which were 
largely undetected by sweepnetting. This was most 
probably the result of the behavioural adaptation of 
hemerobiids of feigning death (CSIRO, 1970) and dropping 
FIG. 4.27 The number of adult A. tasmaniae captured by the D-Vac versus time. 
• Fest 
• Uniharvest 
I = Standard error of the mean. 
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off the foliage upon being disturbed. Therefore, before 
the initiation of D-Vac sampling on 22 January, it is 
possible that an unknown, but possibly large, number 
of adult A. tasmaniae were present on Uniharvest, but 
remained undetected. This deduction is supported by' 
the capture from Uniharvest, of several larval A. 
tasmaniae on 23 December, which probably were the off-
spring from undetected adults that had migrated into 
the cultivar. 
Hilson (1964) observed that neither adults nor 
juveniles were likely to leav~ areas were prey was 
present. Therefore, the large numbers of adults cap-
tured on Uniharvest between 22 and 29 January indicated 
the presence of an abundant prey that was not on Fest, 
providing any repellent effect of Fest was not signific-
ant. If Hilson's criterion of small soft bodied prey lS 
to be fulfilled, small Diptera were the most obvious 
potential prey after aphid numbers declined in December. 
However, as the eggs and larvae of some insects remain 
attached to foliage during sampling, it is possible 
the major prey was undetected. 
Of note was the peak larval capture on Uniharvest 
on 23 December which was followed by a sharp decline in 
larval numbers either as a result of death or possibly 
maturation to adulthood. This peak in juveniles may have 
been responsible for the large numbers of adults captured 
during January. Again, the presence of a greater number 
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of juveniles on Uniharvest indicated the presence of a 
prey in greater abundance on that cultivar. While the 
aphid decline was nearly completed by 23 December, 
1978, these insects appeared the most likely prey. 
4.8 ORDER THYSANOPTERA 
Thysanoptera (thrips) were by far the most 
numerous insect captured throughout the survey. While 
time did not permit a more detailed numerical and taxoni-
mical examination of this Order, the identified species 
were as follows: 
A. SUBORDER TEREBRANTIA 
1. Family Aeolothripidae 
Aeolothrips fasciatus (L.) 
REMARKS: This species was present as a predator, and 
has previously been reported on L. angustifolius grown 
at Lincoln (Somerfield, pers. comm., 1980). 
2. 
(i) 
(ii) 
Family Thripidae 
Limothrips cerealium (Haliday) (Det. A. Walker) 
Thrips obscuratus (Crawford) 
REMARKS: A widespread species, associated with many 
plants, that has previously been recorded on ~. angusti-
folius at Lincoln (Somerfield, pers. comm., 1980). 
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Ciii) Thrips physapus L. (det. A. Walker) 
REMARKS: Walker (pers. comm., 1980) considered this 
species as usually being associated with the yellow 
flowers of Asteraceae. While previously recorded at 
Lincoln (Walker, pers. comm., 1980), their capture from 
the few dandelions infesting the lupins was suggested 
by their presence in only one subsample. 
Civ) Thrips tabaci Lindeman 
REMARKS: A widespread species, associated with many 
plants, that has previously been recorded at Lincoln 
(Some~field, pers. comm., 1980) on L. angustifolius. 
B. SUBORDER : TUBULIFERA 
Family Phlaeothripidae 
Haplothrips sp. (det. A. Walker). 
C. CONCLUSIONS 
The most abundant thrips captured throughout 
was Thrips tabaci while Thrips obscuratus was also common. 
Withers (pers. comm., 1980) considered thrips damage to 
late developing flowers of ~. angust~foliu~ could 
possibly greatly reduce podset. The observation 
of thrips in lupin flowers during sampling indicated 
the importance of further research into this Order. 
4.9 MISCELLANEOUS ORDERS 
A further three Orders were captured during 
the sampling' programme. 
(i) Order Blattodea : see Appendix 2. 
Family Blattidae; 
Only five small blattids were captured which 
suggested their unimportance on lupins. 
(ii) Order Odonata : see Appendix 2. 
Sub-order Zygoptera. 
The presence of adult Zygoptera in both cultivars 
was likely to be the result of their predatory habits. 
Although a single adult is capable of destroying 
numerous prey individuals, the low numbers ~aptured 
indicated their possible unimportance within the 
L. angustifolius fauna. 
(iii) Order Psocoptera : see Appendix 2. 
Psocoptera feed on lichens, algae, fungae and 
fragments of plants and insects (CSIRO, 1970). The low 
numbers captured, coupled with their feeding habits, 
made them unlikely to be of significance in the 
L. angustifolius fauna. 
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4.10 CLASS ARACHNIDA 
A. ORDER ACARINA 
See Appendix 2. 
The number of mites captured by both sweepnet 
and D-Vac sampling was erratic and at no stage high 
enough to indicate any probable pest or predator 
importance within the L. angustifolius fauna. 
B. ORDER ARANEAE 
See Figs 4.28 and 4.29. 
Identification below ordinal level was not 
attempted, although the spider fau~a captured through-
out the sampling programme contained obvious represent-
atives of both web-~pinning and non-spinning families. 
REMARKS: The numbers of spiders captured were 
erratic and at no stage high, making their importance 
as predators difficult to assess. 'Other predators 
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(A. tasmaniae and £. undecimpunctata) were fou~d in 
greater numbers on Uniharvest due to the greater numbers 
of prey on that cultivar. The reason for not finding a 
correspondingly greater number of spiders on Uniharvest 
was not clear. Possible explanations of this phenomenon 
were as follows: 
(i) The presence of an (unsampled) prey that was 
found in equal numbers in both cultivars. 
Cii)' Territorial behavioural mechanisms. These may 
have resulted in a more uniform distribution of 
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spiders over the area available, although Slze 
of territory usually relates to food availability. 
(iii) Greater migration into Fest as a result of its 
location adjacent to a ryegrass-clover paddock. 
With the limited data available, no conclusion 
could be drawn regarding this phenomenon. 
C. ORDER OPILIONES 
See Appendix 2. 
The only opilione captured wa9 the common European 
harvestman Phalangium opilio. P. opilio 1S a scavenger 
which feeds on dead invertebrates, but will also prey 
upon small invertebrates (Forster and Forster, 1973). 
REMARKS: The low number captured, coupled with these 
feeding habits, suggested it was relatively unimportant 
within the L. angustifolius fauna. 
The cause of the capture of greater numbers of 
P. opilio on Fest compared to Uniharvest was probably 
due to immigration from the adjacent paddock. This is 
supported by their high mobility. 
CHAPTER V 
RESULTS AND DISCUSSION 
5.1 GENERAL RESULTS 
The two L. angustifolius cultivars developed at 
different rates throughout the summer, with Fest being 
ready to harvest by the beginning of February, 1979, 
\ 
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and Uniharvest four weeks later (see Fig. 3.1). Although 
Fest was an early m~turing variety, this characteristic 
was probably enhanced by the planting of the cultivar 
in a stonier and better drained position in the field. 
These drier conditions accentuated the earlier cessation 
of flowering and hence the earlier maturation of the 
crop. This was supported by the early maturation of 
the northeast corner of the Uniharvest plot due to its 
placement within the stony part of the field (see Fig. 
5.1) . 
As a result of the soil being less compact, 
lupins planted in stony soil have a higher germination 
rate reSUlting in a higher plant density. With lupins 
high plant density suppresses lateral development and 
so favours early crop maturation. This occurs because 
the laterals flower after the main stem with a consequent 
later maturation of pods (Withers, 1975). A visual 
comparison of Uniharvest plants from stony and non-stony 
soils confirmed these observations, as plants 
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In the stony northeast corner of the field were of 
higher density and matured earlier. 
~ 
Despite the pre-emergence application of the 
herbicide atrazine, weeds infested both cultivars from 
early in their development. The dominant weed, both 
spatially and temporally, was fathen, although it was 
never a serious problem. 
Other much less abundant weeds were: dandelion 
Taraxacum officinale CAsteraceae) , dock Rumex spp 
CPolygonaceae), twitch Arrhenatherum elatius CPoaceae) 
and yarrow Achillia millifolium CAsteraceae). 
5.2 WEATHER 
. A. GENERAL 
~. angustifolius, a fast growing annual crop, is 
greatly affected by weather conditions during the growing 
season. Important factors in the weather that were 
likely to influence the crop are presented in Table 5.1 
and showed the following trends: 
Ci) A steadily increasing mean monthly tenlperature 
which peaked in January and February before 
beginning to decline in March. 
(ii) High sunshine hours from October through to 
February with a peak in January. 
TABLE 5.1 Summary of the weather during the time of crop growth. 
'.! Sept. Oct. Nov. Dec. Jan. Feb. March 
Temperature °c 
Monthly mean 9 . 2 10;8 13.4 15.0 17.2 16.8 14.8 
maXlmum 21.1 2 Lf • 0 29.4 26. 7 35.3 32.5 28.4 
minimum 0.0 -1. 6 1.6 4.6 4.0 4.0 3. 6 
'" Sunshine: monthly total (hrs) 129.0 201. 4 217.0 205.9 234.9 185.0 67.0 
Rainfall: monthly total (mm) 73.5 61.1 43.6 148.9 21. 2 47.6 132.9 
number of raindays 13 9 8 14 6 7 14 
Evaporation: monthly total (mm) 58.6 137.9 180.2 161. 5 235. 8 185.3 54.6 
Humidity: monthly mean 
(% saturation per day) 83.7 70.3 70.6 78.3 64.8 70.0 85.9 
Wind: monthly mean 
(km wind .run Der day) 305.2 364.2 405.2 350.0 378.2 357.0 289.2 
All figures were derived from data obtained from the Lincoln College Meteorological Station. 
(iii) Decreasing rainfall during September, October 
and November, followed by high rainfall in 
(iv) 
December. Dry conditions were experienced In 
January and February with high rainfall 
occurring in March after harvesting. 
Steadily increasing evaporation throughout 
September, October and November, followed by 
a slight drop in December due to high rainfall. 
Evaporation peaked in January and February 
during the hot, dry conditions. 
(v) Higher humidity readings in wetter, cooler 
months and lower readings in drier hotter 
months. Thus humidity appeared to be partially 
correlated to rainfall and temperature. 
(vi) An increase in wind Cwindrun In daily km) until 
November followed by a trend for decreasing 
wind from December onwards. The exposed 
location of the research site meant that wind 
run was high throughout the sampling programme. 
Because wind direction was recorded only once 
a day, it was not sufficiently detailed to be 
of use. 
B. THE EFFECTS OF THE WEATHER 
1. Effects on the Lupins 
The result of the weather conditions was rapid 
plant gr6wth during September, October and early 
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November. With the moisture deficit as a result of 
evaporation becoming important later ln November, both 
cultivars slowed in growth and underwent flowering 
and podset. The biggest section of the Uniharvest 
plot was in less stony, moist soil and entered this 
phase later than the Fest plot. The occurrence of 
high rainfall in the middle of December only encouraged 
slight foliage growth, but did aid rapid pod growth in 
both cultivars. However, the later maturing Uniharvest 
plants possibly suffered some water stress in the 
latter phases of pod growth during January. 
During January and February the dry conditions 
with accompnying high temperatures, evaporation, sun-
shine, and,low humidities favoured rapid pod maturation 
and drying. The Fest plot was thus ready to harvest on 
5 February and the Uniharvest on 5 March; the latter 
before heavy rain occurred in March. 
2. Effects on the Insects 
The insect population within the lupin cultivars 
was affected directly by the weather, and 
indirectly by the effects of the weather on the plants. 
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In November and December, the increase in mean temperature, 
accompanied by high sunshine and low rain, encouraged an 
increase in most insect numbers, as seen in the faunal 
data (see faunal graphs; Appendix 2). Although heavy 
raln was experienced in December, the accompanying high 
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temperatures,sunshine, and evaporation, would have 
reduced any tendency to retard insect population growth. 
By easing the water stress on the plants, the rain may 
have actually aided population growth in lupin feeding 
species. The sunny, dry, hot conditions in January 
and February, with accompanying maturation and sen-
escence of the plants, resulted in decreased insect 
capture (except in some-species suspected of feeding off 
fathen contaminating the plots). 
Because of the lack of detail In data relating to 
wind direction, the effects of the prevailing wind were 
not clear. However, with winds from the northeast 
predominating and bringing warm and generally dry 
conditions, winds from the northwest bringing hot, dry 
conditions and those from the southwest bringing cool 
rain, wind direction was clearly important. The open, 
shelterless location of the research site probably had 
considerable effect on the insects captured in terms of 
both species type and abundance, and in relationship to 
sources of infestation. 
C. WEATHER AT THE RESEARCH SITE 
Information obtained from the Lincoln College 
Meteorological Station, was in the form of daily records 
and hence was not specific to the time of sampling. As 
sudden weather changes were experienced on several 
sampling days after the completion of sampling, daily 
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weather records were abandoned and the author's sUbjective 
weather evaluations used instead (see Table 5.2). 
Table 5.2 shows that the weather experienced at 
the research site during the actual time of sampling 
was highly variable. As a generalisation, it was prob-
able that high winds, lack of sunshine and low temper-
atures would have resulted In lower insect captures. 
However, before any accurate predictions can be made a 
study needs to be carried out on the effects of the 
weather on the microclimate inside the lupin canopy. It 
is in this context that factors such as· sunlight, 
humidity, air speed, and temperature have the most 
meaning. 
Interaction of the weather with the crop and the 
sampling technique meant that the relative importance of 
each individual weather factor varied on each sampling 
day. For instance, early in the season, as the crop 
grew, foliage density and height increased, which 
resulted in decreased wind, rain and sunshine penetration. 
Later, as the crop matured the accompanying leaf sen-
escence resulted in a reversal of this trend. Further-
more, weather conditions during sampling were not constant. 
Both wind and temperature changes occurred during most 
sampling times. This may have caused variation in the 
capture rate of some insects. 
When examining the population trends for each 
species in the light of the information given in Table 5.2, 
TABLE S.2 Weather at the time of sweepnet sampling. 
Calm 0-3 kph Cold Less than 100C SN Sweepnet 
Light. breeze 3-8 kph Cool 10-lSoC DV D-Vac 
Breeze 8-16 kph Warm lS-2SoC NZDT New Zealand day-
vJindy 16-32 kph Hot above 2S o C light saving 
Strong wind above 32 kph Overnight low minimum temp. on time 
night before sampling 
Date Time Sky Wind Temperature Remarks 
(NZDT) °c 
28 Nov 1400-1600 SN Cloudy Calm to light Hot Overnight dew 
breeze Daily max. 29.4 
Overnight low 7.4 
7 Dec 0930-1200 SN Cloudy with Windy Warm 
sunny Daily max. 23. S 
periods Overnight low 13.3 
18 Dec 0930-1230 SN Cloudy Light breeze Cool Early morning 
to breeze Daily max. 23. S rain 
Overnight low 8.7 
23 Dec 0930-1230 c:;v ~_\ Partly Light breeze, Warm 
cloudy with increased to Daily.max. 21. 4 
sunny windy after 1100 Overnight low 11. 7 
')eriods 
S Jan 1300-1700 SN Sunny, a Breeze Warm Overnight rain 
fevJ clouds Daily max. 18.3 
Overnight low 10.2 
lS Jan 0930-1130 SN Cloudy Very strong, Cool Followed by 
blustery winds Daily max. 27.1 heavy rain 
Overnight Imv 4.9 
(continued) f-' 
0 
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TABLE 5.2 continued: 
Date 
22 Jan 
29 Jan, 
5 Feb 
12 Feb 
19 Feb 
26 Feb 
5 Mar 
Time 
(NZDT) 
0930-1030 DV 
1030-1230 SN 
0900-1030 SN 
1030-1130 DV 
0930-1100 SN 
1100-1200 DV 
0900-1030 SN 
1030-1130 DV 
0900-1030 SN 
1030-1130 
0900-1030 SN 
1030-1130 DV 
0900-1000 SN 
1000-1100 DV 
Sky 
Sunny, a few 
clouds 
High cloud, 
sunny 
Sunny with 
cloudy 
periods 
Sunny 
Cloudy, 
overcast 
Cloudy with 
sunny 
periods 
Overcast 
Wind 
Windy 
Windy, decreased 
to breeze after 
1030 
Windy, increased 
to strong and 
blustery 
Breeze 
Light breeze, 
increased to 
windy 
Windy 
Windy 
Warm 
Temperature 
°c 
Daily max. 
Overnight low 
Warm 
Daily max. 
Overnight low 
22.3 
14.1 
24.9 
13.9 
Hot but decreased to 
cool 
Daily max. 27.1 
Overnight low 14.4 
Cool 
Daily max: 
Overnight low 
22.3 
7.0 
Cool, increased to 
warm 
Daily max. 
Overnight low 
26.7 
6 . 2 
,Cool, increased to 
warm 
Daily max. 
Overnight low 
Cool 
Daily max. 
Overnigh-t low 
20.4 
5.5 
22.7 
15.2 
Remarks 
Overnight rain 
Followed immed-
iately by 
strong winds, 
rain and cold 
Very high 
humidity 
f-1 ' 
o 
w 
care must be taken not to attribute the effect of weather 
on population numbers to that of seasonal trends. For 
example, while unfavourable weather in autumn may favour 
insect mortality, response to shortening dayli~ht, or 
decrease in plant growth may be the major factor causing 
a decline in insect numbers. 
Earlier weather conditions may also affect 
population numbers later in the season. For instance, 
an unfavourable period with accompanying low egg laying 
would result in a period of decreased adult emergence 
later in the season. If at this later time samplingwas 
carried out under relatively unfavourable conditions, 
the summation of these two factors could give an even 
lower adult capture. 
The effects of weather on both the insects and 
the sampling technique could also interact. For example, 
strong winds decrease both insect flying and sweepnet 
accuracy, resulting in low insect captures. Bad weather 
also delayed sampling on two days, thereby influencing 
any insects with diel rhythms of activity, or position 
on the plant. 
In the light of the complexity of the interactions 
between weather, habitat and the sampling techniques (as 
well as additional variation in sampling resulting from 
other factors (see pp 117-120», no definite conclusions 
could be made regarding the effect of weather on insect 
numbers at sampling. 
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5.3 DISEASES 
No fungal diseases were seen to cause obvious 
crop loss. However, BYMV and possibly CMV in Uniharvest 
especially, caused sUbstantial plant de~th 
(see Fig. 5.1 and Plate 5.1). 
A. BEAN YELLOW MOSAIC VIRUS 
Kennedy et al. (1962) listed 21 species of aphids 
as vectors of the stylet-borne BYMV. Of these aphids, 
the following were found on L. angustifolius foliage: 
Acyrthosiphon pisum, Aphis craccivora, Hyperomyzus 
lactucae, Macrosiphum euphorbiae and Myzus persicae. 
While a number of authors disagree on the 
ability of BYMV to undergo seed-borne transmission 
(see Lee, 1974), in this trial the virus was always 
found in patches where ~ll the plants were infected. 
As seed-borne transmission would result in the infection 
of single plants only, the disease in these plots mpst 
probably arrived by aphid vectors. 
The observed symptoms of the disease were as 
described by Chamberlain (1954, pea mosaic virus) and 
Lee (1974); i.e. wilting of the growing tips followed 
by the browning and blackening of the young leaves and 
the stem, with accompanying discolouration and dropping 
of the older leaves. The plants eventually died. Plants 
infected late in the season blackened at the growing 
points and produced less seed. 
PLATE 5.1 BYMV symptoms in Uniharvest . In this 
partially affected plant the diseased 
pods appear blackened and shrivelled . 
Healthy pods can b e seen at the apex 
of the plant. 
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B. CUCUMBER MOSAIC VIRUS 
Kennedy et al. (1962) listed 61 species of aphids 
as vectors of the stylet-borne CMV. Of these the 
following were found on L. angustifolius foliage: 
Acyrthosiphon pisum, Aphis craccivora, Brachycaudus 
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helichrysi, Hyperomyzus lactucae, Macrosiphum euphorbiae, 
Myzus persicae, Rhopalosiphum maidis and Rhopalosiphum 
padi. 
.. 
While CMV undergoes seed-borne transmission, 
, 
accurate identification in the field is difficult, 
due to the similarity in the symptoms of BYMV and 
CMV In L. angustifolius. CMV presence in the trial 
plots was therefore possible. 
5.4 SAMPLING TECHNIQUES 
TO LUPINS 
A. DIRECT OBSERVATION 
THEIR APPLICABILITY 
Direct observation was found to be totally un-
suitable for ~. angustifolius, as it provided virtually 
no data, because of the low (but never the less detect-
able) nu~ber of insects present early in the season. 
The method was therefore abandoned once the plants 
were sufficiently mature to sustain sweepnetting without 
serious damage. It is probable that the problems of 
plant damage and low captures early in the season 
could be overcome by using the more efficient D-Vac. 
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B: COMPLETE PLANT REMOVAL 
The number of insects captured by complete plant 
removal was small in relation to the expenditure of 
time and effort, and therefore the method was not 
pursued further. This method showed some potential 
for the collection of aphids, thrips and neuropteran 
larvae, provided that care was taken to prevent these 
insects dropping off the plants upon removal. 
C. POD SAMPLING 
Although a large number of pods were collected, 
,only five Uniharvest and two Fest pods showed signs 
of insect damage. All damaged pods were collected on 
17 January, 197.9. Of the five Uniharvest pods damaged, 
three showed signs of superficial insect grazing, with 
up to 10% of the.pod surface area being affected. The 
other two Uniharvest pods exh-ibi ted small external 
galls on the pod surface, however, no insects were 
found In either. Of the two Fest pods damaged, the 
first exhibited slight surface grazing, and the second 
showed signs of a burrowing insect which prevented the 
development of one seed in the pod. Again, no insect 
was recovered. 
From these results it appeared that the L. angust-
ifolius seeds suffered little pest damage. Most pod 
damage, although only cosmetic, resulted from the spines 
on the end of each pod, which would pierce the case(s) 
of nearby pod(s) because of the wind action. 
Because the amount of insect damage to the lupin 
pods was small, this method of collecting insects was 
of no value. However, as a means of determining insect 
damage to the harvestable seed, it is both sensitive 
and reliable. This is because the worker can take the 
necessary time in the laboratory to examine the pods, 
both internally and externally. 
D. THE SWEEPNET 
The two principal advantages of sweepnetting In 
lupins were found to be the following~ 
(i) A large n~mber of insects were captured with 
little effort. 
(ii) Each week's sampling was completed in a rela-
tively short time (2-3 hours), thereby reducing 
the problems associated with the diel movements 
of insects. 
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Several disadvantages were unfortunately encount-
ered when using the sweepnet. These included: 
(i) The damage of soft bodied insects (especially 
aphids) by foliage entering the net. 
(ii) The need for a waiting period after rain or 
heavy dew. Even a small amount of surface 
water on the foliage soon rendered the sweepnet 
inoperable. 
(iii) The decrease of capture accuracy with increasing 
wind strength (see p. 14). 
(iv) The i~ability of the sweepnet to capture insects. 
below the upper 25 to 30 cm of foliage due to 
the nets diameter being 30 cm. As plant height 
varied from 20 to 90 cm, insects lower down on 
taller plants remained unsampled. 
(v) The loss of insects that were capable of 
flying, or those that dropped off the foliage 
upon being disturbed. 
The sweepnet's widespread use and acceptance, 
coupled with its simplicity of .operation, outweighed 
these disadvantages for this particular faunal survey. 
E. THE D-VAC 
The advantagesd the D-Vac were found to be as 
follows: 
(i) A large number of insects were captured with a 
minimum of effort. 
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(ii) A large proportion of the crop could be sampled. 
(iii) Only a very short ~ampling time (30 minutes) was 
needed, which minimised the problems associated 
with diurnal movement of insects and helped avoid 
the problem of rapid weather changes in the 
middle of sampling. 
III 
(iv) The minimisation of the loss of insects capable 
af avoiding capture with the sweepnet, by 
flying or dropping off, due to its sucking 
action. 
(v) It was probably less affected by wind than the 
sweepnet, because the sucking action of the 
D-Vac would to some extent prevent insects from 
being blown out of the mouth of the net. 
(vi) By lessening crop damage soft bodied insects 
were much less battered by foliage than in the 
sweepnet. 
The disadvantages of the D-Vac were minor. They 
were: 
(i) On many occasions the antennae of small Diptera, 
Hymenoptera and other delicate insects were 
sucked off. This damage resulted in some later 
difficulties with their identification. 
(ii) The machine was noisy making earmuffs essential 
for the user. 
(iii) As it was somewhat cumbersome, the D-Vac was 
most easily operated by two people. 
F. COMPARISON OF D-VAC AND SWEEPNET RESULTS 
3 The volume of each D-Vac subsample (2.4 m ) was 
1.6 times greater than for the sweepnet (1.5 m3 ). An 
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examination of the D-Vac : sweepnet insect capture 
CTable 5.3) ratio* showed the following trends: 
Ci) The majority of the D-Vac sample counts were 
greater than 1.6 times those of the sweepnet. 
This deviation from the expected ratio was 
probably due to the suction of ~he D-Vac, 
which enabled the capture of those insects that 
exhibited the following characteristics: 
Ca) Avoidance of the sweepnet by flying or dropping 
off foliage. 
Cb) They were not directly in the path of the net. 
Cii) High variation of the D-Vac sweepnet capture 
ratios within most families and species and 
between cultivars, indicating no trend in the 
numbers captured each week. This was seen more 
clearly when the appropriate. sweepnet and D-Vac 
graphs were compared. Some variation in the 
ratios was expected due to changes in both the 
crop and the weather experienced during the 
sampling programme. Other possible causes of 
variation in the ratios were as follows: 
Ca) Low captures, where the capture of a single 
individual would have markedly altered the ratio. 
Cb) The spatial distribution of the insects within 
* 
the crop. In the latter stages of crop maturation 
Defined by, The mean number of insects captured in each 
D-Vac subsample - The mean number of insects captured 
in each sweepnet subsample. 
TABLE 5.3 D-Vac 
All values given are 
Sweepnet sample ratios. 
mean number insects captured per D-Vac subsample 
mean number insects captured per sweepnet subsample 
As both means have high standard errors an unavoidable degree of variability lS present in the ratios. 
F = Fest U = Uniharvest x = mean of the ratios Sm = standard error of the ratios. 
Order/Species Cultivar 22 Jan 29 Jan 5 Feb 12 Feb -19 Feb 26 Feb 5 March x Sm 
ARANEAE F 7.6 7 . 5 0.6 5.2 2. 3 
U 8.4 2 . 2 1.0 3 . 7 0.3 14.0 8.0 5.4 1.9 
COLEOPTERA 
Coccinel1a F 5.0 
undecimpunctata U 16.0 2.4 9. 2 6.8 
Cortinicara hirta1is F 8 . 3 2.4 5 . 8 5.5 1.7 
U 16.8 2 . 3 2.0 3 . 5 0.7 4.7 4.4 4.9 2.1 
DIPTERA 
AGROMYZIDAE 
Cerodontha austra1is F 19.8 16.0 6.6 14.1 3 . 9 
U 10.8 11.1 6.4 14.1 10.6 98.0 22.0 24.7 12.3 
Cerodontha (I. ) F 
triplicata U 5. 0 3.4 4.0 4.1 0.46 
Liriomyza chenopodi F 
U 20.5 18.0 19.3 1. 25 
(continued) I-' I-' 
w 
TABLE 5.3 continued: 
-Order/Species Cultivar 22 Jan 29 Jan 5 Feb 12 Feb 19 Feb 26 Feb 5" March x Srn 
DIPTERA 
ANTHOMYIIDAE 
Hy1ernyia p1atura F 
U 8.0 13.5 8.7 9 . 6 2 . 0 4.7 7.8 1.6 
CHIRONOMIDAE F 2 . 8 
U 6.5 10.9 10.0 18.0 7.0 10.5 2.1 
EPHYDRIDAE F 17.8 3.1 10.5 7.4 
U 54.3 29.5 2 . 6 10.5 18.0 23. 0 9.0 
SCIARIDAE F 16.6 21. 5 3.1 13.7 5.5 
U 26.0 13.4 10.6 35.0 32.0 23.4 4.9 
HEMIPTERA 
Nabis capsiforrnis F 607 
U 16.0 "2.0 10.0 20-5 5 . 8 3.4 6.6 2.2 
Nysius huttoni F 24.7 27.8 2.9 18.5 7. 8 
U 4.1 0.2 5. 7 7.9 6 . 2 1.2 4.2 1.2 
Sidnia kinbergi F 12.31 
adults U 3 .2 5.2 1.1 5 . 8 5.1 2 . 8 1.9 3.6 0.68 
Sidnia kinbergi F 4.6 3.1 3.9 0.75 
juveniles U 6.5 1.4 1.3 1.7 LL 5 2.0 2.9 0.87 
(continued) 
.1--' 
I--' 
-1= 
TABLE 5.3 continued: 
-Order/Species Cultivar 22 Jan 29 Jan 5 Feb 12 Feb 19 Feb 26 Feb 5 March x Srn 
HYMENOPTERA 
BRACONIDAE F 11. 4 
U 25.1 7 . 6 0.8 6.3 8.0 4.7 36.0 12.7 4.9 
EULOPHIDAE F 31. 4 91.4 20.0 47.6 22.1 
U 13.2 14.9 10.3 31. 7 26.0 32.0 5.0 19.0 4.1 
NEUROPTERA 
Austrornicrornus F 
tasrnaniae U 206.0 43.5 5 . 0 24.0 2.0 56.1 38.2 
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(during which time the D-Vac samples were taken), 
aggregation of insects was likely on weeds or 
Uniharvest plants with secondary growth. Such 
aggregation would have influenced 
the results as non-identical areas were sampled 
by the sweepnet and D-Vac. 
(c) The effects of crop maturation. As the pods 
ripened, the accompanying foliage senescence would 
have altered the rate at which insects could have 
escaped both the D-Vac and the sweepnet, as well 
as affecting the range over which the D-Vac 
suction was ~ffective. Furthermore, differences 
in the D-Vac : sweepnet capture ratios between 
the two cultivars were expected due to the 
difference in their maturation times. 
(iii) In view of the large variations in the D-Vac : 
sweepnet capture ratios, it appeared that those 
insects with a bias towards capture in the D-Vac 
were the smaller winged insects more easily cap-
tured by suction. Larger insects (which flew 
less often, had greater clinging ability, and 
were heavier) appeared better able to resist the 
D-Vac's suction and therefore gave smaller D-Vac 
sweepnet capture ratios (see also pp 15-16). 
An overall comparison of the D-Vac and sweepnet 
graphs showed similarities in seasonal popUlation 
fluctuations despite weekly differences. Smith ,et al. 
(1976) discovered similar trends among insects captured 
by D-Vac and sweepnet on cotton. As the aim of 
rel~tive sampling techniques is to elucidate such 
seasonal fluctuations, both methods can be considered 
successful for sampling insects on L. angustifolius. 
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5.5 VARIABLES ASSOCIATED WITH THE ANALYSIS OF RESULTS 
A problem associated with all research involving 
faunal surveys is that of variables, many of which cannot 
be avoided, but which clearly must be minimised. For 
this particular faunal survey, the following variables 
were considered important. 
A. VARIATION WITHIN AND BETWEEN EACH CULTIVAR 
This consisted of: 
(i) The amount of insect damage to each plant. 
/ 
(ii) Individual variation between plants as expressed 
by their phenology, morphology and physiology. 
(iii) Different plant densities, both between the two 
cultivars and within the Uniharvest plot. This 
in turn affected plant morphology and consequently 
.the microclimate below the canopy level. 
(iv) Different soil types between the two cultivars 
and within the Uniharvest plot. This affected 
soil aeriation, warmth, compactness and moisture 
content. 
Cv) Different growth and maturation rates as a 
result of the different plant density and soil 
types. The earlier senescence of Fest meant 
that the presence of the toxic alkaloid was 
not the only factor causing the smaller cap-
tures of insects on that cultivar. 
(vi) Differences in technique between the two workers 
who swept the separate cultivars. 
only took the D~Vac samples.) 
B. INSECT DISTRIBUTION 
(One worker 
The type of insect distribution within the crop 
(i.e. uniform, random or contagious) was influenced by 
the following factors: 
Ci)The species and number of insects within the 
crop. This was affected to an unknown degree by 
the removal of insects by sampling. Because all 
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subsamples were taken from the same areas within 
the plots on each sample day, this may have 
significantly depleted the insects in these areas, 
depending on the original population levels and 
the rate of reinfestation. 
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Cii) The behaviour of the insect In relation to envir-
onmental factors, others of its species, or the 
presence of predators/parasites and prey/hosts. 
c. THE EFFECT OF SAMPLING 
Apart from the removal of insects from the crop, 
other effects of sampling were as follows: 
(i) Damage to the softer growing tips of the plants, 
(ii) 
especially by sweepnetting. This may have 
affected the distribution of those insects 
feeding on these parts. 
Loss of insects as a result of the disturbance 
created by sweepnetting or walking through the 
crop with the noisy D-Vac. 
D. HEATHER 
Variables associated with weather are discussed 
In Section 5.2 (pp 96-104). 
E. COMMENTS 
As the effect of variables is often unknown, 
care must be taken in drawing conclusions from data on 
which they operate. For this particular survey, the 
variables outlined above would have given differences 
both within and between the two cultivars in the volume 
of microhabitat contained in each subsample. This, 
coupled with the relatively late commencement of sweep-
netting (to avoid plant damage), and the different 
maturation times of the two cultivars, meant that 
further statistical analysis, comparing the relative 
number of insects on each cultivar, would not have been 
valid. Visual comparison of the general trends in 
graphs was used instead. 
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PART THREE 
LABORATORY STUDIES 
CHAPTER VI 
PRELIMINARY EVALUATION OF THREE 
POTENTIAL PEST SPECIES 
6.1 INTRODUCTION 
After assessment of both published literature and 
insects captured, glasshouse and field experiments were 
carried out with three of the species showing pest 
potential. These were: Acyrthosiphon pisum, Sidnia 
kinbergi and Nysius huttoni. 
6.2 METHODS AND MATERIALS: GENERAL 
All experimentation was divided into two parts -
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a field trial and glasshouse experiments; the glasshouse 
being used to overcome weather variation and to stand-
ardise other environmental factors. 
In the glasshouse, the ambient alr temperature 
was at least partially controlled by heating and cooling 
systems throughout the experiments. The temperatures 
within randomly selected cages were continuously recorded 
by thermocouples during all experiments involving the 
small feeding cages, and the large cylindrical 
perspex cages. Ambient alr temperatures were recorded 
by both thermocouple and CassellaR thermohydrograph. 
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The thermocouples used were constantin Wlre 
" araldited" into 25 mm of hollowed 6 mm diameter teflon 
rod which acted as a buffer to overcome problems assoc-
iated with rapid temperature changes, as well as sealing 
the thermocouple to prevent the entrance of moisture. 
The thermocouple temperatures were recorded on a 
R 
"Honeywell Electronik 15 Universal Multipoint Stripchart 
Recorder". 
6.3 SIDNIA KINBERGI EXPERIMENTATION 
A. INTRODUCTION 
To date, the literature shows that no work has 
been done on the association of Sidnia kinbergi ,with 
lupins. A study of its feeding behaviour and ability to 
damage L. angustifolius was therefore appropriate. 
S. kinbergi was chosen as a potential lupin pest 
for the following reasons: 
(i) It was found in abundance on Uniharvest throughout 
the growing season and showed a peak density 
during the development of the pods. 
(ii) It is a potential pest of autumn sown lupins due 
to its presence on wild sown Fest and Uniharvest 
throughout March and early April. 
(iii) Abundant numbers were available from Uniharvest 
grown In an adjacent trial, and from fathen. 
B. METHODS AND MATERIALS 
EXPERIMENT ONE - HOST SUITABILITY 
VERSUS UNIHARVEST 
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FEST 
This experiment was designed to gain a preliminary 
understanding of both host suitability and amount of 
damage inflicted by ~. kinbergi. Three densities of 
S. kinbergi (2, 5, 10 adults per plant) were enclosed 
on both Fest and Uniharvest plants inside vented 
cylindrical perspex cages measuring 30 cm in height 
and 12 cm in diameter (see Plate 6.1). N.etting was 
used at the base of the cage to allow plant growth and 
to prevent insect escape. Five replicates were used at 
each insect density and compared wi'th control plants 
for damage. At the end of 15 days the number of S. 
kinbergi surviving, and the amount of damage inflicted, 
was recorded. 
EXPERIMENT TWO - STARVATION 
A starvation experiment was carried out with 
adult ~. kinbergi as a control to check survival times. 
To this end, five adults were placed in empty small 
feeding cages (see Plate 6.8) with no access to water. 
A further five were placed in a feeding cage in which 
was suspended a 2 cm wide strip of saturated blotting 
paper, the end of which drew water from a petri dish. 
This acted as a source of moisture for "drinking" as 
well as maintaining a high humidity inside the cage. 
PLATE 6 .1 The vented cyl i ndrical perspex insect 
c ages used i n the g l asshouse . 
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The number of adults alive was recorded over 15 days 
using four replicates. 
EXPERIMENT THREE - FIELD TRIAL 
Using five replicates of both cultivars, a field 
trial was carried out to gain an initial understanding 
of the relative suitability of L. angustifolius as a 
host of ~. kinbergi. Each replicate consisted of 
three vigorous preflowering Fest or Uniharvest plants 
potted together which were enclosed in fine mesh tery-
lene netting, and placed between the cultivars at the 
research site (see Plate 6.2). Each replicate was 
inoculated with 30 adult ~. kinbergi on 14 February, 
1979. Another 20 adults were added after 20 days 
(6 March) and a final 20 after 49 days (4 April). The 
number of insects surviving and the amount of plant 
damage was recorded 65 days from commencement (20 April). 
C. RESULTS AND DISCUSSION 
EXPERIMENT ONE - HOST SUITABILITY 
VERSUS UNIHARVEST 
FEST 
The temperatures recorded throughout the trial 
were very similar to ambient air temperature with a 
maximum of 27 0 C and a minimum of l2 o C. 
The results are expressed in Table 6.1. 
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PLATE 6 . 2 Th e insect cages u sed dur i ng the fi e ld 
trial . 
1 26 
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TABLE 6.1 The number of S. kinbergi present after 
15 days. 
Fest Uniharvest 
Initial number 
per plant 2 5 10 2 5 10 
% alive after 70 40 54 62.5 60 55 
15 days 
Total number of 1 2 10 0 4 31 
juveniles 
recorded 
Student's t test analysis of the results showed 
clearly that there was no significant difference between 
the survival of S. kinbergi on Fest and Uniharvest under 
glas~house conditions. After four days, extensive 
damage began to appear on both Fest and Uniharvest 
plants as a result of feeding by ~. kinbergi. Damage 
clearly increased with insect density, with Uniharvest 
growth being especially retarded at the highest insect 
density. 
Being a hemipteran, ~. kinbergi feeds by inserting 
stylet mouthparts into the plant and sucking out the 
liquid food. Feeding took place mainly at the growing 
tips and stems of the plant and occasionally from leaf 
petioles. This resulted in stunting of later emerging 
leaves, and, when severe complete leaflet death (see 
Plates 6.3 and 6.4). Complete death of some lateral 
growing tips was also observed. The injection of toxic 
PLATE 6 . 3 Leaflet stunting caused by ~ . -kinbergi 
feeding . 
PLATE 6.4 
Severe leaflet stunt ing 
and death caused by 
S . kinbergi feeding . 
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saliva with feeding caused necrOSlS of tissue (swelling, 
browning and cracking) on the main stem, lateral stem 
and leaf petioles (see Plates 6.5 and 6.6). Sap loss 
from stylet entry points was also observed and contri-
buted to slight plant wilting. 
Overall, the Fest plants seemed more robust with 
recovery beginning after seven days compared to 15 days 
in Uniharvest. Plant growth during recovery was 
abnormal in that the apical meristem growth was decreased 
with a concurrent increase in the production of laterals 
(see Plate 6.7). 
EXPERIMENT TWO - STARVATION 
Throughout the starvation experiment the temper-
atures within the feeding cages remained close to or 
slightly above the ambient air temperature. A tempera-
o . 
ture range of 14 to 30 C was recorded. 
All S. kinbergi without access to water died 
within 24 hours, whereas those with access to water 
survived up to 15 days (Fig. 6.1B). Throughout the 
experiment, individuals with access to water were seen 
"drinking" off the saturated blotting paper which, along 
with the relative survival times, emphasised the high 
moisture requirement of S. kinbergi. 
EXPERIMENT THREE - FIELD TRIAL 
Results obtained from the final examination of 
the plants are given in Table 6.2. At both the second 
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LATE 6.5 
Severe necrosis of the 
ainstem of L. an gustifolius 
aused by S. kinbergi 
necrosis of the 
mainstem of ~. angust ifolius 
caus ed by ~. kinbergi 
fesding. Severe damage to 
the eme rgent l ateral lS 
also evident . 
PLATE 6.7 ~. angustifo1ius recovery from S. kinbergi 
feeding. Increased production of laterals 
to compensate for apical meristem damage 
(see Plate 6.4) is evident. Droplets of 
sap exuding from feeding points on the 
mainstem are also visible. 
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FIG. 6.1 A The number of starved adult N. huttoni alive versus time. 
• Without ac,cess to water 
• With access to water I Standa·rd error of the. mean 
B : The number of starved adult S. kinbergi alive versus time. 
Without access to water 
• With access to water I Standard error of the mean 
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and third inoculation dates several live adults were 
observed inside the netting, but due to the high 
foliage density, an accurate count of their numbers 
was prevented. After 65 days, both cultivars showed 
signs of moderate ~. kinbergidamage, although 
Uniharvest appeared more affected than Fest. 
TABLE 6.2 The number of .§.. kinbergi alive on field 
trial L. angustifolius after 65 days. 
Mean Standard Mean Standard 
Number Error Number Error 
of of of of 
Adults Adults Juveniles Juveniles 
Fest 5.67 3.18 0 
Uniharvest 17.80 2.71 5.40 2.11 
The student's t-test showed that there was a Slg-
nificant difference between the survival of adult and 
juvenile ~. kinbergi enclosed on Fest and those enclosed 
on Uniharvest. In showing that under field cage con-
dition Uniharvest is the superior host, the results 
agree with those obtained through sampling where a 
clearly greater number of ~. kinbergi was found on that 
cultivar (see Figs 4.19 and 4.20). The higher levels 
of mortality of S. kinbergi on Fest was possibly due 
to the alkaloid being toxic, reducing feeding, or 
possibly repelling the insect. Under the more favour-
able glasshouse conditions these effects appear to 
have become reduced and were not observed. 
D. CONCLUSIONS 
Although the density of ~. kinbergi per plant In 
these experiments was considerably higher than that 
casually observed In the-field, the results of these 
experiments indicate that ~. kinbergi has potential to 
be a pest of autumn sown Uniharvest. This was 
indicated by the following: 
Ci) The observation of damage by the insect in 
both glasshouse and field trials. 
Cii) The observation of the insect accompanied by its 
characteristic damage on wild sown Uniharvest and 
Fest during March and early April. However, 
as the wild sown lupins were plants grown from 
seed lost from the previous crop; despite 
harvesting, the build up in S. kinbergi numbers 
over summer would have boosted the infestation. 
Autumn sown lupins planted in recently cultiva-
ted soil would therefore not suffer this problem, 
although immigration rates would probably be 
higher than in spring as a result of population 
build up over summer. 
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(iii) The high feeding rate of the insect due to its 
moderate size, active nature and high moisture 
requirement. 
(iv) The possible ability of the insect to reproduce 
in large numbers on Uniharvest particularly as 
indicated by field sampling, and both glass-
house and field trials. 
6.4 ACYRTHOSIPHON PISUM EXPERIMENTATION 
A. INTRODUCTION 
Wegorek and Krzymanska (1968) found that bitter 
lupins were resistant to pea aphid attack because of 
their production of toxic alkaloids. They found that 
sweet lupin leaves soaked in 13 hydroxy-lupanine 
(lupanine) and 17 hydroxy-lupanine (sparteine) caused 
100% mortality in five to six days and reduced fecundity 
to a tenth of the normal level. In later experiments 
they ascertained that an alkaloid concentration of 
0.015 mg/ml would be sufficient to ensure aphid damage 
was kept below the economic threshold (Wegorek and 
Krzymanska, 1971). 
Acyrthosiphon ~sum was chosen as a potential 
lupin pest suitable for further study for the following 
reasons: 
(i) It was known as a dominant aphid pest of sweet 
lupins in Europe (Wegorek and Ruszkiewicz, 1968). 
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(ii) In the field, apterous adults and juveniles were 
found feeding on both Uniharvest and Fest 
(despite the latter cultivar's resistance), 
in9icating that at least one generation had 
survived from the initial infestation by alate 
adults. 
(iii) It was suited to the warmer temperatures 
encountered in the glasshouse as it was a 
summer dominant speCles CRohitha, 1979). 
(iv) It was a vector of BYMV and CMV. 
Cv) Abundant numbers were available from broad beans 
grown in the glasshouse. 
In all experiments (when sufficient numbers were 
available) alate adults were used, as it was assumed 
that the lupins were initially colonised by this form 
of the aphid. 
B. METHODS AND MATERIALS 
EXPERIMENT ONE - HOST SUITABILITY (CAGED) 
FEST VERSUS UNIHARVEST 
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To gain some understanding of relative host suit-
ability, 10 alate 6. pisum adults were placed on Fest 
and Uniharvest leaves inside small feeding cages (see Plate 
6.8). Six replicates were set up on both cultivars, each on 
a different plant. The number of juveniles produced both 
PLATE 6 . 8 The small feeding cages us ed to enc lose 
~ . pisum individua ls on L. angustifol ius 
l eaves . 
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alive and dead were recorded daily for four days. The 
feeding cages were used to prevent the aphids from 
flying or walking off the plant because initial experi-
mentation showed this to,be a problem. 
For this experiment air temperatures within 
the small feeding cages were not recorded because the 
appropriate equipment was unavailable at the time. 
EXPERIMENT TWO - STARVATION 
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As a control to check survival times, a starvation 
experiment was carried out using alate and apterous 
~. pisum adults. The methodology of this experiment 
was identical to that of the S. kinbergi starvation 
experiment (pp 123-125) except that 10 adults were 
used. The number of live adults was reco"ded daily over 
four days. Four replicates were used for the apterous 
adults but due to a shortage of individuals only one 
replicate was possible for the alate adults. 
EXPERIMENT THREE - HOST SUITABILITY (UNCAGED) 
FEST VERSUS UNIHARVEST 
An experiment was carried out in an attempt to 
eliminate the feeding competition between juveniles 
found in part one. To this end, 20 apterous ~. pisum 
adults were placed uncaged on Fest and Uniharvest plants. 
Six replicates were used on different plants for both 
cultivars. Apterous adults were necessary in this 
experiment to overcome the problem of the aphids flying 
away. 
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The experiment was attempted on three separate 
occasions when the plants were as follows: 
(i) In the four to six leaf stage. 
(ii) In the SlX to eight leaf stage. 
(iii) Mature. 
In all three trials the number of live adults 
and juveniles was recorded with time. 
EXPERIMENT FOUR - HOST SUITABILITY: BROAD BEANS 
To compare host suitability as reflected by 
fecundity, 10 apterous A. pisum adults were placed, un-
caged, on broad bean plants (Vicia faba). Six replicates 
were used on different plants and the results compared with 
those obtained In experiment three. At the completion 
of the experiment, the mean weight of 20 apterous 6. £is~~ 
adults raised on broad beans was compared to ·the mean 
weight of eight apterous A. pisum adults raised on 
Uniharvest. 
C. RESULTS AND DISCUSSION 
EXPERIMENT ONE - HOST SUITABILITY (CAGED) 
FEST VERSUS UNIHARVEST 
EXPERIMENT TWO - STARVATION 
The ambient air temperatures recorded during 
o 
experiment one were between 12 and 27 C. Later data 
indicated temperatures up to 100C above ambient may 
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have been reached for a very short period (10 minutes 
only) inside the feeding cages, on one day only, due 
to a failure in the air conditioning equipment. During 
experiment two, alr temperatures recorded inside the 
feeding cages were between 13 and 32 0 C. Temperatures 
above 30 0 C were reached on two days for periods of one 
to two hours only. Al though the'se high temperatures 
were reached for short periods only, they probably 
stressed the A. pisum in the cages. The extent of this 
stress was undetermined. Throughout experiment one 
there was no sign of aphid damage to leaves of either 
cultivar. However, fecundity was found to be at least 
five times higher on Uniharvest compared to Fest, while 
the rate of adult mortality was considerably lower (see 
Fig. 6.2B, C). 
To further interpret these results, the following 
assumptions were made : 
(i) 
(ii) 
All A. pisum caged with no access to water died 
of dehydration. 
All A. pisum caged with access to water died 
from exhaustion of their body reserves as they 
were seen to "drink" from the moist blotting 
paper on numerous occasions. 
(iii) All A. pisum feeding on both Fest and Uniharvest 
were potentially capable of replenishing moisture 
and nutrients necessary for their survival. 
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(iv) In Vlew of the reported resistance of bitter 
lupins to ~. pisum (Wegorek and Ruszkiewicz, 
1968; Blaszczak, 1969) it was probable that 
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~. pisum feeding on Fest was reduced. This was 
supported by the reduction of fecundity and higher 
rate of mortality of those adults caged on Fest plants 
(v) Handling mortality was negligible because of 
The high initial rate of survival of all caged 
A. pisum with access to water or lupin leaves. 
Figure 6.2A shows that the rate of mortality of 
alate ~. pisum with access to water was lower than on 
Fest leaves. This result, coupled with the above 
assumptions, clearly illustrated the pest protection 
nature of the toxic alkaloids present i~ Fest. 
A comp~rison of the rate of mortality of apterous 
and alate ~. pisum showed no significant difference when 
waterwro unavailable (see Fig. 6.2A). Where water was 
available, alate ~. pisum appeared better able to sustain 
n utri tion stress during the first three days. Thi s re suI t 
is not surprising when considering the role of alate 
aphids (dispersal to suitable hosts) and apterous aphids 
(reproduction on suitable hosts). 
The results also show that the majority of 
juvenile ~. pisum on Uniharvest survived less than three 
days (see Fig. 6. 2B). This was because the aphids fed 
mainly from the central vein of each leaflet (Plate 6.9) 
which resulted in severe competition for feeding space. 
PLATE 6 . 9 A . pisum feeding from prlmary l eaves 
of Uniharvest . Yellowing of the 
i nfested l eaflet i s clear . 
1 43 
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The adults being larger suffered little feeding competi-
tion and were therefore able to maintain their highly 
fecund state. 
EXPERIMENT THREE - HOST SUITABILITY (UNCAGED) 
FEST VERSUS UNIHARVEST 
During this experiment ambient air temperatres 
were maintained between 12 and 2S o C. Unfortunately, the 
results for all three trials were inconclusive as a 
result of both adults and juveniles either walking, or 
dropping off the plants. In the first two trials, no 
live A. pisum remained on either Fest or cv Uni-
harvest plants after four days. However, during the 
third trial sufficient adults remained on two out of 
the six Uniharvest plants to establish a population 
which reproduced successfully for at least 49 days at 
12-15 days per generation (see Fig. 6.3). 
All but a very few of the aphids were found on 
the basal portion of the plant. Feeding took place mainly 
from the petioles and the central veins of the leaflets 
of primary and secondary leaves, and less commonly from 
lateral stems. 
Damage to the infested plants consisted of 
leaflet drop from primary and secondary leaves accom-
panied by death of the lower laterals (Plate 6.10). 
Despite this damage the plants continued to grow and 
showed no significant difference in size when compared 
to control plants. 
FIG. 6. 3 A comparison of the fecundity of A. pisum on Uniharvest and broad beans. 
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EXPERIMENT FOUR - HOST SUITABILITY 
VERSUS BROAD BEANS 
LUPINS 
Ambient air temperatures during this experiment 
were maintained between 11 and 21o C. 
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Wegorek (1968) showed that the numbers of A. plsum 
on lupins were only 54.3% of those on broad beans after 
two weeks. The results of this experiment show an even 
greater difference in fecundity between A. plsum on 
Uniharvest and on broad beans (see Fig. 6.3). 
Further differences between A. plsum on broad 
beans and Uniharvest were as follows: 
(i) Generation time. On Uniharvest this' was between 
12 and 15 days compared to 8 to 10 days on 
(ii) 
broad beans. 
Adult weight. The mean weight of adults raised 
on broad beans was 4.27 mg and on Uniharvest 
was 1.71 mg; a ratio of 2.5 : 1. 
D. CONCLUSIONS 
Conclusions drawn from the mortality and fecundity 
of A. pisum on Fest and Uniharvest were as follows: 
(i) 
(ii) 
Bitter lupins are resistant to A. pisum attack. 
Uniharvest is susceptible to ~. plsum attack. 
However, further work is needed under field 
conditions to ascertain the severity of such 
attack in both numerical and economic terms. 
A comparison of the fecundity of ~. plsum on 
broad beans and on ~. angustifolius indicated that 
Uniharvest may be partially resistant to attack by 
this aphid. This lS supported by the failure of the 
first two glasshouse trials of uncaged A.pisum on 
Uniharvest, due to the aphids walking or dropping off 
the plants. While this behaviour was possibly due to 
a lower attractiveness of Uniharvest compared to the 
original broad bean host, it is also possibly due to 
an inherent non-attraction or repellency of Uniharvest 
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.to ~. pisum. However, before any definite conclusions 
can be drawn further work needs to be carried out to 
ascertain the effect of glasshouse conditions on the 
aphid-plant relationship. 
6.5 NYSIUS HUTTONI EXPERIMENTATION 
A. INTRODUCTION 
To date, literature shows that no work has been 
done on the association of Nysius huttoni with lupins. 
A study of its feeding behaviour and ability to damage 
L. angustifolius was therefore appropriate. 
Nysius huttoni was chosen as a potential lupin 
pest for the following reasons: 
(i) It was found abundantly In both Fest and Uniharvest 
throughout the sampling period. 
(ii) It is known to attack a wide range of plants 
including cereals, crucifers, peas, linseed, 
strawberries, raspberries, and several other 
vegetable crops as well as weeds (Burnett, 
1976). 
(iii) It was available in abundance on an adjacent 
Uniharvest trial as well as strawberries and 
fathen. 
B. METHODS AND MATERIALS 
EXPERIMENT ONE - HOST SUITABILITY 
FEST VERSUS UNIHARVEST 
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Five replicates of 20 Nysius huttoni adults were 
enclosed on separate Fest and Uniharvest plants in a manner 
identical to that of ~. kinbergi in experiment one 
(p. 123). Both the plant damage and the number of 
individuals alive were recorded over 25 days. 
EXPERIMENT TWO - STARVATION 
As a control to check survival times a starvation 
experiment was carried out using ~. huttoni adults. The 
methodology of this experiment was identical to that 
of the ~. kinbergi starvation experiments (see pp 123-125). 
Using four replicates the number of individuals alive 
was recorded over 30 days. 
EXPERIMENT THREE - FIELD TRIAL 
The methodology of the N. huttoni field trial 
was identical to that of ~. kinbergi (see p. 125) 
except that 30 adults were added on 6 March and 
4 April. The higher numbers were used in an attempt to 
obtain observable damage. 
C. RESULTS AND DISCUSSION 
EXPERIMENT ONE - HOST SUITABILITY FEST 
VERSUS UNIHARVEST 
During this experiment the alr temperatures 
recorded inside the cages were between 14 and 30o C. 
. 0 
Temperatures between 25 and 30 C were reached on six 
days; the maximum of 30 0 C occurring on one day only. 
Throughout the experiment no damage was observed 
on either cultivar. The mean number of individuals 
surviving after 25 days was 65% on Fest and 53% on 
Uniharvest. Student's t-test analysis of these results 
showed that there was no significant difference in the 
numbers surviving on either cultivar. 
EXPERIMENT TWO - STARVATION 
The maximum temperature recorded for N. huttoni 
with access to water was 27 o C, which was 20 C above the 
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maximum for those without water. The minimum temperature 
o fo~ both was 12 C. 
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While at no stage during this experiment were 
any ~. huttoni seen to "drink" from the saturated 
blotting paper, unobserved "drinking" may have occurred. 
The results of this experiment showed that a lack of 
moisture and/or lower humidity reduced the lifespan .of 
adult N. ~uttoni (see Fig. 6.1). 
EXPERIMENT THREE - FIELD TRIAL 
Results obtained from the final examination of 
the plants are given in Table 6.3. At both the second 
and third inoculation dates live adults were observed 
inside the netting, but, due to the high foliage 
density, an accurate count of their numbers was 
impossible. 
TABLE 6.3 The number of N. huttoni alive on field 
trial L. angustifolius after 65 days. 
Mean Standard Mean 
Number Error Number 
of of of 
Adults Adults Juveniles 
Fest 11. 5 7.2 0 
Uniharvest 17.6 5 . 3 0 
The Student's t-test showed that there was no 
significant difference in the survival of ~. huttoni 
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enclosed on either cultivar. These results, and the lack 
of observable feeding damage in both cultivars, agreed 
with those obtained in the glasshouse. 
D. CONCLUSIONS 
N. huttoni adults ~ithout water all died within 
14 days, while in both the glasshouse and field, some 
were capable of surviving at least 30 days with access 
to water or plants. It is possible therefore, that 
while causing no visible damage, the insects were 
obtaining moisture from unobserved feeding. This, 
however, seemed unlikely. Alternatively, the higher 
humidity, resulting from plant transpiration or evapora-
tion of water from the blotting paper, may have resulted 
in a slower water loss. The aggregation of several 
individuals which was observed in all experiments may 
~o have reduced water loss. In view of the above, 
the possibility of ~. huttoni being a pest of L. angust-
ifolius seemed unlikely. 
A. GENERAL 
PART FOUR 
CONCLUSIONS 
CHAPTER VII 
CONCLUDING DISCUSSION 
Throughout the faunal survey no obvious insect 
damage of any significance was apparent in either 
cultivar. However, if the crop was grown in the same 
field for succeSSlve seasons, a build up of insects 
to pest proportions is possible. Autumn sown lupins 
planted in the same field as previously harvested 
sprlng sown lupins would be especially prone to insect 
attack due to the build up of insect-numbers over 
summer. 
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Information from growers and other workers 
revealed that lupins at present undergo no insecticide 
treatments. While undetected insect damage causing crop 
loss was possible, this study supported the belief of 
growers that spraying was not necessary to prevent insect 
damage. 
Possible reasons sprlng sown lupins remain rela-
tively pest free are as follows : 
Ci) The build up of insects that occurs by late 
summer is avoided because the crop is an early 
planted/early maturing variety, Aphids thus 
(ii) 
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appear as the most likely insect to seriously 
affect lupins because of their presence in sprlng 
and their potential for rapid build up in 
numbers. 
The rapid growth and maturity of the pods means 
that when grown for seed they remain exposed to 
insect attack for only a short period. 
(iii) Uniharvest appears a less suitable host for 
aphids when compared to the legumes, lucerne and 
broad beans. This reduces feeding and fecundity, 
thereby decreasing the likelihood of serious 
aphid damage. 
(iv) Bitter lupin~,containing a toxic alkaloid, are 
unsuitable as hosts for many insects. 
Of far greater importance, In sweet lupins 
especially, is crop loss caused by BYMV and CMV. In 
this trial an estimated 10% of the Uniharvest plot was 
destroyed by the aphid-borne BYMV. While methods of 
preventing Vlrus disease in lupins are covered In the 
literature review (pp 6-8), this is clearly an area In 
need of further research before any large scale growing 
of lupins begins in Canterbury. 
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TABLE 7.1 A sUIIunary of insects showing pest or 
predator/parasite potential on L. angusti-
folius. Suggested importance decreases 
down the column. 
Possible pests Pests: Economic 
importance 
ungauged 
Possible predators 
or parasites 
Calocoris 
norvegicus 
Hylemyia platura 
Hylemyia 
deceptiva 
Cerodontha 
australis 
Liriomyza 
chenopodi 
Cerodontha 
(Icteromyza) 
triplicata 
1. Possible Pests 
Ac~rthosiphon 
plsum 
Myzus persicae 
Macrosiphum 
euphorbiae 
Acyrthosiphon 
kondoi 
Sidnia kin~ergi 
Austromicromus 
tasmaniae 
Coccinella 
undecimpunctata 
Eulophidae 
Braconidae 
Araneae 
Tropiconabis 
capsiformis 
(Actual feeding or damage by these insects was 
not observed.) 
The inclusion of the three agromyzid specles 
(Cerodontha australis, Cerondontha triplicata and 
Liriomyza chenopodi) in this list is speculative in the 
light of their known host range. But their abundance 
coupled with their greater density on Uniharvest, 
indicates a need for fUrther research into their 
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association with lupins. In view of the abundance of 
the two anthomyiids, Hylemyia deceptiva and Hylemyia 
platura, and their pest status overseas, these two 
diptera also require further research to ascertain their 
status as lupin pests. 
Calocoris norvegicus was included as a possible 
pest because of its abundance and close taxonomic 
relationship to Sidnia kinbergi. Further support for this 
status was shown by the following: (i) the known ability 
of ~. norvegicus to feed on other similar legumes, (ii) 
the capture of juveniles, which indicated an ability ~o 
reproduce on lupins, and (iii) the greater capture of the 
mirid on Uniharvest (the more pest susceptible cultivar). 
2. Pests 
While the economic importance of Acyrthpsiphon 
kondoi and Acyrthosiphon pisum on lupins is unknown, 
both aphids fed and reproduced successfully on Uniharvest 
especially. The relative importance of these two aphids 
was difficult to determine. Although A. kbhdoi was 
captured in greater numbers, ~. pisum being larger had 
a higher feeding rate and may have been involved in the 
transmission of BYMV. 
Macrosiphum euhporbiae and Myzus perslcae were 
allocated pest status because of the presence of Macro-
siphum sp. and Myzus sp. juveniles on Uniharvest, and 
their ability to transmit BYMV. As these two, and the 
two aphid species above, have the potential for rapid 
population growth coupled with disease transmission, 
further work lS required to determine their economic 
threshold. 
Sidnia kinbergi feeding, reproduction, and 
damage was observed In autumn wild sown Fest and Uni-
harvest, as well as In trials carried out with both 
cultivars in the field and glasshouse. With the build 
up in insect numbers oV,er summer, autumn sown lupins 
appear most vulnerable to attack. Because high 
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densities of this insect are capable of stunting growth 
in Uniharvest particularly, further field trials are 
needed to "ascertain its economic threshold. 
3. Possible Predators and Parasites 
The presence of Austromicromus tasmaniae as a 
predator was indicated by the capture of a greater number 
of both adults and juveniles on Uniharvest. While this 
sugge~ted a prey in greater abundance on Uniharvest, such 
a species was not immediately apparent, although aphids 
were the likely prey of the juveniles. With the limited 
data available the importance of A. tasmaniae within the 
lupin fauna remains undetermined. 
Coccinella undecimpunctata was also captured in 
g~eater numbers on Uniharvest as a result of the greater 
abundance of aphids on that cultivar. However, because 
the aphid decline was likely to have been the result of 
slowing plant growth after flowering, the effect of C. 
undecimpunctata as a predator was undetermined. 
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Tropiconabis capsiformis was abundant in autumn 
as a result of a build up in numbers over summer. S. 
kinbergi being a potential pest of autumn sown lupins, 
coupled with the speculative nature of the T. capsi~ 
formis - ~. kinbergi predator - prey relationship, 
necessitates further work be carried out on the ability 
of this predator to control S. kinbergi populations. 
Although the Eulophidae were considerably more 
abundant than the Braconidae, both families showed 
similar trends during the trial. Firstly, in both 
families a single species was dominant and was respons-
ible for the peak in numbers. Secondly, both were more 
abundant on Uniharvest, which indicated the presence of 
a prey more abundant on that cultivar. While Diptera 
appear as the most likely host(s), further work is 
required on the taxonomy and biology of these Hymen-
optera before any conclusions can be drawn. 
The number of Araneae captured was erratic and at 
no stage high. As they showed no trend towardconcen-
trating their numbers on Uniharvest, where (theoretically) 
there were more prey, their importance as predators 
requires further research. 
B. CONCLUSIONS 
(i) Neither of the Lupinus angustifolius cultivars, 
Fest or Uniharvest, appeared to suffer significant 
insect pest damage. 
Cii) The most serlOUS threat to L. angustifo1ius 
appeared to be the aphid-borne bean yellow 
mosaic virus and possibly cucumber mosaic virus. 
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Ciii) The most important pest insects appeared to be 
the virus-transmitting aphids Acyrthosiphon 
pisu~, Macrosiphum euphorbiae and Myzus persicae. 
(iv) Other insects to indicate pest potential were 
Sidnia kinbergi and Acyrthosiphon kondoi. 
Calocoris norvegicus, Hylemyia deceptiva and Hylemia 
platura also showed pest potential. 
Cv) Insects to show predator or parasite potential 
included Austromicromus tasmaniae, Coccinella 
undecimpunctata, Tropiconabis capsiformis, some 
Araneae and a single species of both the 
Braconidae and Eulophidae. 
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APPENDIX 1 
INSECTS ASSOCIATED WITH LUPINS 
NOTE: Literature before 1940 was not reviewed 
as modern agricultural and pest management tech-
niques may have changed the status of many insects 
listed as pests prior to this date. It also seemed 
reasonable to assume that all important lupin pests 
would have been mentioned in literature published 
after thi~ date. 
KEY: KP 
PP 
OP 
= 
= 
= 
known pest 
potential pest 
occasional pest 
178 
Species Author I Year Pest Country 
of I of Status 
Article Publi-
cation 
O. ACARINA 
I 
Halotydeus Corbin 1978 KP Australia 
destructor 
(Tucker) 
Penthaleus major Campbell 1941 PP USA 
Duges 
O. COLEOPTERA I 
F. BRUCHIDAE I I I I I I 
Acanthoscelides I Kr" steva 1973 I KP USSR 
obtectus (Say) 
Bruchus (Calloso- Goncalves 1939 PP Brazil 
bruchus) 
I chinensis L. 
F. CURCULIONIDAE 
Otiorrhynchus Jorgensen 1953 I PP Denmark 
ligustici ( L. ) I 
I 
Sitona crinitus ,Petrukha 1970 KP USSR 
(Hbst. ) 
I I I , 
Damage Inflicted 
Attacks growlng 
parts of seedlings 
Feeds on young seed-
lings causing later 
crop loss. 
Damages stored seed 
of L. luteus 
-
Damages seed of L. 
albus both in stor-
age and in the field 
L. luteus especially 
susceptible to 
attack. 
Larvae attack roots. 
Adults attack 
growing tips. 
Miscellaneous 
L. ' luteus most 
Isusceptible. Sweet 
cultivars more sus-
ceptible than bitte r. 
Controlled by the 
mite Pediculoides 
ventricosis Newp. 
Controlled by spray 
ing with chlorin-
ated pinene, trich-
lorphon, carbaryl, 
dimethoate, and 
-methyl parathlon. ~ 
-..J 
ill 
Species Author Year 
of of 
Article Publi-
cation 
O. COLEOPTERA con-to I 
Sitona Farrar and 1953 
explicitus (Csy. ) Anderson 
Sitona Silva and 1959 
gressorius (F. ) de Oliveira 
Sitona Silva and 
I 
1959 
griseus (F. ) de Oliveira 
Sitona Petrukha I 1970 lineatus (L. ) 
F. NITULIDAE 
Meligethes Brandt 1948 
aeneus (F. ) 
F. SCARABEIDAE 
Epicometis Jannone 1947 
hirta Poda 
Oxythyrea Jannone 1947 
funesta Poda 
TroJ2inota ,Jannone 1947 
squalida Scop. 
I 
I j 
Pest Country 
Status 
KP USA 
KP Portugal 
KP Portugal 
KP USSR 
PP Germany 
KP Italy 
KP Italy 
KP I Italy 
Damage Inflicted 
Larvae damage root 
nodules. 
Larvae destroy 
root nodules. 
As for S. 
gressorlus. 
As for S. crinitus. 
-
Feeds on flowers 
of L. luteus. 
-
Feeds on cortical 
tissue of the upper 
parts of the stem. 
As for E. hirta. 
-
As for E. hirta. 
-
As 
Miscellaneous 
for S. 
-
crinitus 
f-J 
co 
o 
Species Author Year 
of of 
Article Publi-
I cation 
O. COLLEMBOLA 
F. SMINTHURIDAE 
Sminthurus Gladstones 1969 
viridus (L. ) i 
O. DIPTERA . 
I F. ANTHOMYIIDAE 
H l . Y..LemYla spp. McLeod 1952 
I I I I I Hylemyia cili- van Dinther 1953 I 
crura (Rond. ) I 
(cana) (Macq. ) Silva and 
-- de Oliveira 1959 
Hylemyia Guthrie 1954 
lupini (Coq. ) I 
I 
I 
I 
I I I 1 
Pest Country Damage Inflicted 
Status 
PP Australia Damages leaves. 
KP Canada 
I 
PP I Holland 
KP I Portugal Larvae damages 
stems and buds 
KP USA Larvae burrow into 
buds, stems and 
flower racemes, and 
developing pods 
causing up to 25% 
seed loss. 
I 
Miscellaneous 
Sweet varieties 
only attacked. 
L. luteus espec-
Ially susceptible. 
Parasitised by 
Eu:eelmella vesicu-
laris (Retz) 
(Eymenoptera 
Encyrtidae) 
: 
I-' 
co 
I-' 
Species 
O. DIPTERA cont. 
Hylemyia 
1 upini (Coq.) 
Hylemyia tricho-
dactyla ( Rond. ) 
li turata (Mg.) 
O. HEMIPTERA 
F. APHIDIDAE 
Aphids (in 
general) 
Acyrthosiphon 
oisum (Harris) 
I 
Author 
of 
Article 
Edwardson 
Corbett 
G 
van Dinther 
Gladstones 
I Wegorek and I Ruszkiewicz 
I 
I 
\ 
Year 
of 
Pub,li-
cation 
1959 
1953 
1969 
1968 
1\ Pest 
'Status 
Country 
KP USA 
KP Holland 
KP Australia 
KP USSR 
Damage Inflicted 
Larvae attack the 
terminal buds pre-
venting seed 
formation. 
Sweet lupins only 
support reproduction. 
Damage to crop 
patchy. 
Attacks sterns and 
buds . Transmits 
virus diseases. 
Sweet lupins only 
support reproduction. 
Miscellaneous 
Parasitised by 
Hymenoptera espec-
ially Aphidius 
ervi Hal.(Bracon-
idae). Also para-
sitised by Praon 
sp. Coccinellid 
predation reported. 
Species Author I Year Pest 
of of Status 
Article Publi-
cation 
O. HEMIPTERA cont. 
AC:'Lrthosi]2hon Blaszczak 1969 KP 
pisum (I-Iarris) 
Aphis craccivora Leuck et al 1962 KP 
- -Koch 
I 
I 
I 
Wegorek and 1968 KP I Ruszkiewicz 
. Blaszczak 1969 KP 
I 
!Narzikulov 1975 KP 
Aphis fabae Scop. Wegorek and 1968 KP 
Ruszkiewicz 
Aphis medicaginis Edwardson 1959 OP 
l<och and Corbett 
I 
Country Damage Inflicted 
USSR 
USA 
USSR 
USSR As for A. 
-
pisum. 
USSR 
USSR As for A. pisum. 
-
USA As for A. 
-
pisum. 
I 
I 
Miscellaneous 
Spraying with 0.1% 
methyl-demeton 
prevents spread 
of BYMV. 
Controlled by the 
granular systemics 
dimethoate (espec-
ially) , phorate, 
and disulfoton 
which reduce the 
secondary spread 
of virus. 
Spraying with 0.1% 
methyl-demeton 
prevents spread 
of BYMV. 
f-' 
00 
w 
Species 
O. HEMIPTERA cont. 
Myzus persicae 
(Sulz.) 
Therioaphis 
trifolii (Monell) 
maculata CBuckt) 
F. CICADIDAE 
Author 
of 
Article 
Edwardson 
and Corbett 
Leuck et al 
IwegOre:-and I Ruszkiewicz 
,
wegorek and 
Ruszkiewicz 
ICorbin 
I 
Macrosteles quad- I Nowacka 
riDunctulatus Fieb 
h 
F. PENTATOMIDAE 
Nezara viridula 
(L. ) 
Hodge 
Year 
of 
Publi-
cation 
1959 
1962 
1968 
1968 
1978 
1978 
1978 
Pest 
Status 
KP 
KP 
KP 
KP 
pp 
KP 
I Country 
USA 
I USA 
USSR 
USSR 
I 
Australia 
Poland 
Australia 
Damage Inflicted 
Transmits virus 
diseases. 
Attack stems and 
buds of lupins. 
Feeds on stems 
and buds. 
Present but nota 
pest in New South 
Wales. Acyrthosiphon 
kondoi also not a 
pest in this area. 
Damage pods. 
Miscellaneous 
As for A. 
craccivora. 
Species Author 
of 
Article 
O. LEPIDOPTERA 
F. ARCTIIDAE 
I 
Arctinia caesarea I Thiem and 
Goeze I Steude1 
Phragmatobia I Thiem and 
tu1iginosa L. ISteudel 
F. NOCTUIDAE I 
Heliothis spp Silva and 
de Oliveira 
He1iothis armigera Nel 
(Hb. ) 
He1iothis puncti- ICorbin 
gera Wa11r. 
Heliothis zea Edwardson 
(Boddie) -- and Corbett 
F. NYMPHALIDAE 
Vanessa cardui (L. ) Anglade.and 
Berjon 
I I 
Year Pest 
of Status 
Publi-
cation 
I 
1941 PP 
1 
1941 PP 
I 
.1959 KP 
1961 KP 
1978 OP 
I 
1959 I KP 
I 
1963 PP 
Country 
Germany 
Germany 
Portugal 
South 
Africa 
Australia 
USA 
France and 
Hungary 
Damage Inflicted 
Larvae capable of 
causing severe 
damage. 
As for A. ceasarea. 
-
Larvae burrow into 
green pods. 
Damage late crops 
until thickening pod 
prevents further 
damage. 
Larvae burrow into 
green pods. 
Larvae cause severe 
defoliation. 
Miscellaneous 
f--J 
CD 
CJ1 
el
li i
li
li J2unct Damage can be min-
ll imised by early 
sowing (which gives 
early pod matura-
tion) and by 
spraying 
l e 
Species Author Year 
of of 
Article Publi-
cation 
o . LEPIDOPTERA cont. 
F. PHYCITIIDAE 
I Elasmopalpus ItgnO- Edwardson 1959 
zellus eZell. land Corbett 
F. PYRALIDAE I 
Etiella behrii Hodge 1978 
e Zell. ) 
Etiella zincken- Cheu 1943 
ella eTr. ) 
!Kruel 1963 --
Is' 1972 I lngh and 
Dhooria 
F. TORTRICIDAE 
Cnephasia longana Doberitz I 1968 (Haw. ) 
Erfurth et a1 1974 
- -
Halbing et al 1976 
-
-I 
Cnephasia vigaur- Read and , 1964 
eana eTr. ) Morris 
Pest Country 
Status 
I 
I 
I 
OP USA 
pp 
I 
Australia, 
KP China I 
KP I Germany 
pp , India 
KP Germany 
I 
I KP Germany KP Germany I 
KP Canada I 
I 
Damage Inflicted 
Damages stem. 
I Damages seeds. 
Causes up to 20% 
seed loss. 
Larvae attack leaves, 
shoots and flowers, 
2-3 larvae per plant 
causing 10% crop 
loss. 
Causes severe damage. 
Miscellaneous 
L. luteus espec-
I"ally attacked. 
i-' 
co 
m 
Species Author Year Pest Country Damage Inflicted Miscellaneous 
of of Status 
Article Publi-
cation 
-
O. ORTHOPTERA I F. ACRIDIDAE 
MelanoElus Gallaway 1948 PP USA 
occidentalis 
occidentalis Thos. I 
F. TETTIGONIIDAE I 
Anabrus simplex Graves 1943 PP USA 
Bald. 
I O. THYSANOPTERA 
F. THRIPIDAE I 
Frankliniella Edwardson 1959 KP USA Damages flowers and 
bisDinosa and Corbett foliage causing 
(Morgan) decreased pod set. 
Frankliniella Edwardson 1959 KP USA As for F. bisEinosa. 
tritici (Fitch) and Corbett -
'T'h . tabaci Lind. Corbin 1978 PP Australia Damages water ~. rlps 
I stressed plants. 
I I 
i I 1 I I 
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APPENDIX 2 
LESS PROMINENT INSECTS 
NOTE: This appendix contains information concerning 
the density with time of insects insufficiently 
prominent to warrant presentation of this data in 
graphical form. The criteria for graphical presenta-
tion are given on pages 24-25. 
KEY: SN = sweepnet 
DV D-Vac R = 
-
x = mean number of insects 
per subsample 
Sm = standard error of the mean 
F = Fest 
U = Uniharvest 
= not sampled 
Insect Method Culti- Nov. December 
var 28 7 18 23 
ORDER ACARINA - F .13 .20 .07 x U .08 SN 
Sm F .09 .11 .07 U .08 
- F - - - -
x U - - - -DV 
F - - - -Sm U - - - -
- F I ORDER BLATTODEA x 
SN U 
Sm F U 
- F - - - -
x U DV - - - -
F - - - -Sm U - - - -
ORDER - F I .1'3 x COLEOPTERA U SN 
Actidium sp. Sm F .13 U 
F .07 I .07 Apion ulicis - I x U .08 
SN 
.07 .07 F Sm U .08 
January 
5 15 22 29 5 
.17 
.11 
- - 2.20 1. 40 .80 
- - .20 
- - .86 .87 .37 
- - .20 
.07 
.07 
- - .60 
- -
- - .60 
- -
.10 .10 
.10 .10 
February 
12 19 
- -
.20 
- -
.13 
- -
5.20 
- -
.86 
- -
.10 
- -
.10 
- -
- -
.-
-
- -
- -
.10 .10 
- -
.10 .10 
26 
-
-
-
.60 
-
.24 
-
-
-
-
-
-
-
-
March 
5 
-
.10 
-
.10 
-
1. 00 
-
.32 
-
-
-
-
-
-
-
-
J--l 
():) 
LD 
Insect Method Cult i- Nov. December 
var 28 7 18 
ORDER - F - - -x U COLEOPTEAA cont. - - -DV Apion ulicis F -
- -Srn U - - -
Atheta Esuedo- - F .20 x U coriaria SN 
F .14 Srn U 
Atheta sp. - F x U .08 SN 
F Srn U I 
.08 
Coccinella - F .07 
leorina x U SN 
Srn F .07 U 
Euscoides 
- F - - -
suturalis x U DV - - -
Srn F - - -U - - -
, 
Hyperodes 
-
F .20 
bonariensis x U .08 SN 
Srn F .14 
I u .08 
January 
23 5 15 22 29 5 
- - -
- - - .40 .40 
- - -
- - - .24 .40 
.20 
.20 
.08 
.08 
- - -
- - - .20 .20 
- - -
- - - .20 .20 
I 
February 
12 19 
- -
.20 .20 
- -
.20 .20 
- -
- -
- -
- -
- -
- -
- -
.20 
- -
.20 
- -
- -
26 
-
.20 
-
.20 
-
-
-
-
-
-
-
-
-
-
March 
5 
-
-
-
-
-
-
-
-
-
-
-
-
/-l 
ill 
o 
Insect Method Culti- Nov. December 
var 28 7 18 23 
ORDER 
- F 
CO LEOPTERA cont x U 
Sitona SN 
hurneralis F Srn U 
- F - - - -x U - - - -
DV F - - - -Sm U - - - -
TachY120rus 
- F 
nitidulus x U SN 
F Srn U 
Unidentified\ 
- F - - - -
coleopteran x U - - - -larvae DV --
F - - - -Sm U - - - -
ORDER DIPTERA 
- F - - - -FAlvIILY x U - - - -CALLIPHORIDAE DV 
F - - - -Srn U - - - -
FAMI~Y CECIDO-
-
F .07 .13 .13 .67 
MYIIDAE x U I SN 
.07 .09 .09 .21 F Sm u 
January 
5 15 22 29 5 
.07 
.07 
- - .40 
- - .40 .20 
- - .24 
- -
.2 Lf .20 
.10 
.10 
- -
I 
- -
-
-
- -
- -
- - .20 
- -
- - .20 
.07 .13 
.25 .10 
.07 .09 
.13 .10 
February 
12 19 
- -
.10 
- -
.. 10 
- -
.40 .20 
- -
.40 .20 
- -
- -
- -
.40 .20 
- -
.24 .20 
- -
- -
- -
- -
26 
-
-
-
.20 
-
.20 
-
-
-
3.20 
-
.58 
-
-
-
-
March 
5 
-
-
,-
-
-
-
-
11. 0 
-
3.18 
-
-
-
-
i_' 
ill 
________________ ~ __________________ ~ ______ ~ ______________ ~ ____________________ ~ ____________________ ~ ____ ~i-'
Insect Method Culti- Nov. I December January February March \Tar 28 7 18 23 5 15 22 29 5 12 19 26 5 
ORDER DIPTERA F .20 FAMII..,Y CECIDO - - - - - - - - I - - - -x U .60 2.00 .40 .40 MYIIDAE DV - - - - - -cont. 
F - - - - - - - - - -Srn U 1. 26 .40 .40 - - - - - -
I 
FAMILY CHIRON-
- F .13 .20 2.53" .93 .80 .07 .07 .07 - - - -
OMIDAE x U .50 .50 3.50 3.00 10.00 1. 40 .80 .70 .10 .20 .10 .40 SN I F .09 .11 .29 .37 .28 .07 .07 .07 - - - -Srn U .22 .34 .93 .75 6.92 .45 .20 .33 .10 .13 .10 .16 
I 
- F - -. - - - - .20 - - - -x U ,.... ,.... - - - - 5.20 7.60 2.00 .20 1. 80 2.80 DV 
.20 F - ,.... ,.... - - - - - - -Srn U - ,.... - - - - 2.22 1. 75 .55 .20 .73 .37 
FAMILY - F .27 .47 - - - -x U .17 .10 CHLOROPIDAE SN 
F .15 .17 - - - -Srn U .17 .10 
,.... F - - - - - - 1. 00 .40 - - - -
x U - I - - - - - .80 1. 60 1. 20 • Lf 0 DV 1. 00 .24 F - - - - - - - - - -Srn U - - - - - - .58 .75 .73 .40 
FAMILY ,.... F - - - -x 
I 
.17 CULICIDAE U SN , 
F - - - -Srn U .11 
! 
Insect Method Culti- INOV. December January February March 
var 28 7 18 23 5 15 22 29 5 12 19 26 5 i 
ORDER DIPTERA 
- F I .07 .07 .20 .13 - - - -I 
FAMILY DROSO- x U I .50 I 2.83 .20 .90 .30 I .10 .20 .50 PHILIDAE SN F .07 .07 .14 .09 - - - -Sm U .29 .78 .13 .48 .15 .10 .20 .31 , 
- F - - - - - - 2.20 3.00 - - - -
x U - 32 . 40 32 . 8 0 1. 00 .20 .60 DV - - - - I -
" - - - - I - - .49 .95 - - - -.[ Sm U I 5.11 4.85 .55 .20 .60 - - - - - - I 
FAMILY 
- F .47 .87 2.00 - - - -
EPHYDRIDAE x U .42 5.33 22.00 .60 .50 1.10 1. 30 .80 .10 SN 
F .22 .29 .44 - - - -Sm U .34 1. 39 4.34 .34 .17 .28 .62 .25 .10 
- F - - - - - - 3.20 4.80 .40 - - - -
x U - - - - I - 27 .17 32.40 3.40 8.40 1. 80 .80 3.40 
DV 
.58 2.01 .24 F - - - - - - - - - -Sm U - - - - - - 5.84 3.20 .81 3.46 1. 32 .58 1. 96 
FAMILY HELEO-
- F .07 - - - -MYZIDAE x U .08 .10 11 SN I .07 F - - - -Sm U I .08 .10 I 
- F - - - - - - - - - -x U - - - - - - .20 DV 
Sm F - - - - - - - - - -U - - - - - - .20 
Insect Method Culti- Nov. December I 
var 28 7 18 23 
ORDER DIPTERA 
- F 
I 
.07 
I-Iylernyia x U 
ceceptiva SN I F 
I 
.07 Srn U 
Hylernyia 
- F .07 
Dlatura x U .17 .17 .08 .08 
SN 
.07 F Srn U .17 .17 .08 .08 
FArv:ILY LONCH-
- F .27 
OPTERIDAE x U .33 
SN 
.15 F Srn U .26 
- F - - - -x U - - - -
DV 
F - - - -Srn U - - - -
FAMILY 
- F I 
. 07 
l":!1JSCIDAE x U SN I .07 F Srn U I 
1 
I 
FAIv1ILY MYCETO- F I .07 .13 
-PEILIDAE x U 
SN 
.07 .09 F Srn U I 
___________ I 
January 
5 15 22 29 
.07 
.10 
.07 
.10 
.13 
.25 .50 .40 
.09 
.13 .22 .22 
.13 
.17 .10 
.09 
.11 .10 
- -
- - 5.60 3.20 
- -
- - 1. 75 .86 
.17 .10 I 
.11 .10 
.07 , 
.58 .10 
.07 
.26 .10 
February 
5 12 19 
- -
.10 .10 
- -
.10 .. 10 
- -
.301.40 .60 
- -
.15 .43 .31 
- -
.10 
- -
.10 
- -
- -
- -
- -
- -
- -
26 
-
-
-
-
-
-
-
-
-
-
-
-
March 
5 
-
.10 
-
.10 
-
.30 
-
.15 
-
-
-
-
-
.10 
-
.10 
-
-
f-' 
<.0 
-l= 
  1. 40
.r :
I1I
! 
Insect Method Cult i- Nov. December January February March 
var 28 7 18 23 5 15 22 29 5 12 19 26 5 
FAMILY MYCETO- F - - - - I 
- - .60 - - - -
-PHILIDAE cont. x U - - - - - - 1. 80 DV 
• Lt 0 F - - - - - - - - - -Srn U - - - - - - 1. 20 
FAMILY F .07 .13 - - - --PHORIDAE x U I .75 .40 SN I 
I F 
.07 .09 - - - -
Srn U .30 .31 
F - - - - - - .40 - - - --
x U - - - - - - 1. 20 1. 20 .20 .20 DV 
.24 
I 
- I -F - - - -. - - - -Srn U - - - - - - .80 .58 .20 .20 
FAMILY SAPRO- F - - - --MYZIDAE x U .10 SN 
- - - -
Srn F .10 U I 
F - - - - - - .20 .20 - - - --
.40 2.80 .60 .80 .60 x U - - - - - - 1. 40 1. 20 DV 
- - - -
.20 .20 - - - -F - -Sm I .75 .37 .24 1. 02 .40 .37 .60 U - - - - - -
FAMILY SARCO- F .07 I - - - -
-PEAGIDAE x U .08 .10 .30 .10 .20 .20 .20 .40 
SN F .07 - - - -Srn U .08 .10 .15 .10 .20 .20 .20 .22 
Insect Method Culti- Nov. Decernber January February March 
var 28 7 18 23 5 15 22 29 5 12 19 26 5 
ORDER DIPTERA F - - - - - - .60 - - - --FA1'1ILY SARCO- x U - - - - , - - 1. 00 .80 2.40 2.60 1. 20 2.20 6.60 PHAGIDAE cont. DV 
F - - - - - - .40 - - - -Srn U - - - - - - .44 .37 .40 .68 .20 .86 2.01 
FAMILY 
- F .27 .50 .67 .73 1. 93 .54 .13 - - - -
SCIARIDAE x U .25 .75 2.25 7 .67 .50 .40 .70 .70 .20 .20 SN 
F .21 .22 .23 .25 .41 .24 .12 .13 - - - -Srn U .13 .28 . 5 Lf 1. 34 .22 .16 .21 I .26 .13 .13 
- F - - - - - - 8.80 5.80 .40 - - - -
x U - - - - - - 10. Lf 0 9.40 .80 7.40 .40 7.00 6.40 
DV 3.51 1.16 .24 F - - - . - - - - - - -Srn U - - - - - - 2.29 .68 .58 1. 21 .24 1. 52 1. 57 
FAMILY 
- F .07 - - - -SIMULIDAE x U .08 
SN 
.07 F - - - -Srn U .08 
FAMILY SPHAERO- - F .13 - - - -x U .17 CERIDAE SN 
.09 F - - - -Srn U .11 
F - - -. - - - .20 .20 - - - -
-x U - - - - - - .20 .20 .20 DV 
F - - - - - - .20 .20 - - - -Srn U - - - - - - .20 .20 .20 
! 
Insect Method Culti- INOV. December January February March 
var I 28 7 18 23 5 15 22 29 5 12 19 26 5 
, 
ORDER DIPTERA F I FAlI1ILY STRATIO- - - - - - I - - - - - -x U .20 MYIIDAE DV - - - - - -
Srn F - - - - - -U I .20 I 
I 
- - - -
- -
FAMILY 
- F .07 - - - -
SYRPHIDAE x U 1. 00 .08 .08 . 50 .40 .10 .40 .10 .10 
SN 
F .07 - - - -Srn U .25 .08 .08 .22 .22 .10 .22 .. 10 .10 
- F - - - - I - - .60 .40 - - - -
x U - - - I - .40 3.00 1. 20 .20 - -DV F .40 .24 - - - - - - - - - -Srn U - - - - - - .24 1. 26 .37 .20 
FAMILY 
- F - - - -
TACHINIDAE x U .30 .10 
SN 
F - - - -Srn U .15 .10 
- F - - - - - - - - - -x U - - - - - - .20 
DV 
Srn F - - - - - - - - - -U 
- - - - - -
.20 
fA'1ILY - F I - - - -x 
.08 TIPULIDAE U I I SN 
F I - - - -Srn U I .08 I I 
Insect Method Cult i- Nov. December January February March 
var 28 7 18 23 I 5 15 22 29 5 12 19 26 5 
ORDER HEMIPTERA F .13 .87 I - - - - -FAl'lILY x U .33 .50 .17 APHIDIDAE SN 
Acyrthosiphon Srn F .09 .41 - - - -
rnalvae U .21 .50 .11 
AcyrthosiEhon 
- F - - - - - - .20 .60 - - - -
(alate) x U .80 .40 .20 .20 .20 ·Olsurn - - - - - -10 
I 
DV F .20 .24 - - - - - - - - - -Srn U - .37 .24 .20 .20 .20 - - - - -
Acyrthosiphon 
- F - - - - - - - - - -
pisurn x U .20 .40 - - - - - -
(apterous) DV F - - - - - - - - - -Srn U - - - - - .20 .24 -
ADhis - F .07 - - - -x 
craccivora U SN F .07 - - - -Srn U 
Brachycaudus 
- F .20 .07 1. 40 .27 - - - -
, -,' h . x 
.16 .16 .33 .25 ne.i..lc"rysl U 
SN 
.11 .07 .45 .12 F - - - -Srn U .16 .16 .14 .13 
CaDitophorus - F .47 .07 - - - -x 
.33 .75 elaeagni U SN 
F .13 .07 - - - -Srn U .21 .28 I 
Insect Method Culti- I Nov. 
var I 28 
ORDER HEMIPTERA 
- F 
FAMILY x U 
APHIDIDAE cont. SN 
Cavariella Srn F 
aego12odi U 
I 
HYEeromyzus - F .07 x U lactucae SN 
Srn F .07 U 
HacrosiI2hurn 
- F (Sitobion) x U 
rniscanthi SN 
Srn F U 
Myzus persicae - F .20 x U SN 
.14 F Srn U 
Rhopalosiphurn 
- F 
rnaidis x U SN 
Srn F U 
RhoI2alosiDhurn - F .07 x 
',)adi SN U 
Srn F .07 u 
December January 
7 18 23 5 15 22 29 5 
.07 
.07 
\ 
I 
.08 
.08 
.27 .07 
1.3.3 .17 
.15 .07 
.76 .11 
.08 
, 
.08 
.47 
1,33 
.22 
1. 21 
February 
12 19 
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
26 
-
-
-
-
-
-
-
-
-
-
-
-
March 
5 
-
-
-
-
-
-
-
-
-
-
-
- I-' 
ill 
ill 
Insect \Method Cu1ti- Nov. December 
var 7 18 23 
ORDER HEMIPTERA .... F .... .... .... .... 
FAMILY x U .... -
-
.... 
APHIDIDAE cont. DV I F - - - -Miscellaneous Srn U 
aphid juveniles - .... - .... 
.... F .07 Horouta x U .08 inconstans SN 
F .07 Srn U .08 
Psylla acaciae 
- F x u 
SN F Srn U 
Rhy£odes 
- F 
clavicornis x U 
Srn F U 
Sejanus F - - - .... -
alb=-signata x U - - - -
DV 
F - - - -Srn U - I - - -
~rioza F - - .... -.... 
discariae x U .... - .... .... 
DV 
F .... .... - .... Srn U .... - .... .... I 
January 
5 15 22 29 5 
-
.... 
.20 
- -
.60 1. 20 .60 
- -
.20 
-
-
.40 .20 .24 
.07 I 
I 
.07 I 
.10 
.10 
-
..... 
.... 
-
-
.... 
- -
-
.... 
-
.... 
.80 
-
.... 
.... 
-
.37 
February 
12 19 
.... .... 
.40 .20 
.... .... 
.24 .20 
-
.... 
-
.... 
.... .... 
-
.... 
..... .... 
.... ..... 
..- .... 
.20 .20 
-
.... 
.20 .20 
..... 
-
- -
26 
-
.20 
-
.20 
.... 
.... 
.... 
-
.,... 
.... 
..... 
.20 
-
.20 
..... 
-
March 
.... 
.... 
.... 
-
.... 
.... 
..-
.,.... 
..... 
-
-
-
rv 
o 
o 
Insect Method Cult i- Nov. December January February March 
var 28 7 18 23 5 15 22 29 5 12 19 26 5 
ORDER HEMIPTERA 
- F - - - - - - .20 .20 - - - -x U 2.60 .80 .40 1. 00 Zygina zealand- - - - - - -DV 
2.. ca (adults) F - - - - - - .20 .20 - - - -
-- Sm U - - - - - - .51 .37 .,24 .77 
Zygina zealand- - F - - - - - - - - - -x U 1.40 .60 Cjuven- - - - - - -lca DV -- iles) F - - - - - - - - - -Sm U - .87 .60 - - - - -
Unknown 
- F - - - - - - .40 - - - -
hemipteran x U - - 1. 00 .20 - - - -juveniles DV 
.40 F - - - - - - - - - -Sm U - - - - - - .44 .20 
ORDER 
.07 EYMENOPTERA - F - - - -x U 
FAMILY APIDAE SN 
.07 F - - - -Sm U 
FA1v1ILY CERA-
PERONIDAE - F .07 - - - -x U I SN .08 .17 .10 .10 .10 
Sm F .07 - - - -U 
.08 .11 .10 .10 .10 
- F - - - - - - .20 - - - -x U .20 .20 .20 DV - - - - - -
F - - - -
I 
- - .20 - - - -Sm U .20 .20 .20 - -
-
- - -
j , 
Insect Method Culti- Nov. Decernber 
var 28 7 18 23 
ORDER 
- F 
HYMENOPTERA x U .08 
FAl'lILY SN 
CYNIPIDAE F Srn U .08 
- F - - - -
x U - - - -
DV 
F - - - -Srn U - - - -
FAMILY 
.07 DIAPRIIDAE - F x U 
SN 
.07 F Srn U 
- F - - - -x U - - - -DV 
F - - - -Srn U - - - -
FAMILY 
- F ENCYRTIDAE x U SN 
F I Srn U 
F - - - --x U - - - -DV 
F - - - -Srn U - - - -
January 
5 15 22 29 5 
- - .20 
- - .20 
.20 - -
I - - .20 
- - .20 
- - .20 
- - .20 
- - .20 
I 
.07 
.20 
.07 
.20 
- -
- -
- -
- -
February 
12 19 
- -
- -
- -
.20 
- -
.20 
- -
- -
- -
.20 
- -
.20 
- -
- -
- -
- -
26 
-
-
-
-
-
-
-
.20 
-
.20 
-
-
-
.20 
-
.20 
March 
5 
-
-
-
-
-
-
-
-
-
-
-
- N 
o 
N 
Insect Method Cult i- Nov. December January February March 
var 28 7 18 23 5 15 22 29 5 12 19 26 5 
ORDER 
- F I - - - -
HYMENOPTERA x U .08 I .17 FAMILY SN I FIGITIDAE Sm F - - - -U I .08 .11 I 
- F - - - - - - .20 - - - -x U - .20 1. 40 .20 - - - - -
DV 
.20 F - - - - - - - - - -Sm U - - - - .20 .24 .20 - -
FNlILY 
- F .07 .07 - - - -FORMICIDAE x U 
SN 
.07 .07 I F - - - -Sm U I 
FAMILY 
- F .07 - - - -PALICTIDAE x U .08 .10 . 33 
SN 
.07 F - - - -Sm U .08 .10 .19 
- F - - - - - - .20 .80 - - - -x U - - - - - - .20 .20 .20 .20 .20 
DV I .20 .80 F - - - - - - - - - -Sm U - - - - - - .20 .20 .20 .20 .20 
. FAMILY ICHNEU-, 
-
F .13 - - - -l"!ONIDAE x U .17 .08 .33 .10 SN 
.09 F - - - -Sm U .11 .08 .14 .10 ~I 
Insect Method Culti- Nov. December 
var 28 7 18 23 
ORDER 
- F - - - -
HYMENOPTERA x U - - - -
FAMILY ICHNEU- DV F MONIDAE cont. Sm - - - -U - - - -
FAMILY 
- F .07 
PTEROMALIDAE x U .08 
SN F .07 Sm U .08 
FAMILY 
- F 
SCELIONIDAE x U 
SN F Sm U 
- F - - - -x U - - - -
F - - - -Sm U - - - -ORDER 
LEPIDOPTERA 
- F .47 .07 (adults) x U .33 .17 
SN 
.27 .07 F I Sm U .14 .11 
- F - - - -x U - - - -
F - - - -Sm U - - - -
January 
5 15 22 29 5 
- - .20 
- - .20 .20 
- - .20 
- - .20 . 2 O' 
I .13 
.30 
.09 
.15 
.07 
.20 
.07 
I .20 
- -
- - .60 
- -
- - .24 
.07 
.10 .10 
I .07 
.10 .10 
- - .20 1. 00 
- - 1. 00 .40 .40 
- - .20 .63 
- - .32 .40 .24 
February 
12 19 
- -
.60 .20 
- -
.40 .20 
- -
.10 
- -
.10 
- -
- -
- -
.20 .20 
- -
.20 .20 
- -
- -
- -
1. 00 .80 
- -
.32 .37 
26 
-
.20 
-
.20 
-
-
-
-
-
.40 
-
.24 
-
-
-
1. 00 
-
.63 
March 
5 
-
-
-
-
~ 
-
.20 
-
.20 
-
.20 
-
.20 
-
1. 00 
-
.55 
N 
o 
Insect Method Culti- Nov. December 
var 5 7 18 23 
ORDER 
- F 
~:SPIDOPTERA x U .17 SN 
(j uveni1es) Sm F 
ORDER U 1. 17 
!-JEUROPTERA F Austromicromus - I x U .08 tasmaniae SN 
(adults) F Srn U .08 
Austrornicrornus F tasrnaniae - - - - -x (adults) DV U - - - -
F - - - -Sm U - - - -
Austrornicrornus - F .13 .07 
tasrnaniae x U .17 .33 .08 1. 00 
(juveniles) SN F .09 .07 Srn U .17 .33 .08 .21 
ORDER ODONATA 
- F .27 .07 
SUB-ORD:SR x .17 .08 SN U ZYGOPTERA I F .12 .07 (adults) Sm U I 
.17 .08 
F - - - -
-
I x u - - - -DV 
F - I 
- - -
Srn U - - - -
January 
5 15 22 29 5 
.13 
.08 .10 .30 
.09 
.08 .10 .15 
I 
.25 .10 .10 .40 .20 
.13 .10 .10 .16 .13 
- - .60 .20 
- -
20.60 17.lj-0 1. 00 
- - .40 .20 
- - 1.12 1. 40 . 63 
I 
I 
.10 .10 
I 
.10 .10 
- -
.20 
- - .20 
- -
.20 
-
- .20 
February 
12 19 
- -
. 30 
- -
: 15 
- -
.20 .10 
- -
.13 .10 
- -
4.80 .20 
---
1. 39 .20 
- -
- -
- -
- -
- -
.20 
- -
.20 
26 
-
-
-
-
-
.20 
.20 
-
-
-
-
-
.40 
-
.24 
March 
-
2. 80 
-
2.69 
-
-
-
-
-
-
-
-
-
N 
o 
<.n 
Insect Method Culti- Nov. December I var 5 7 18 23 5 I 
ORDER OPILIONES - F .20 .47 .27 .20 x U .33 .42 Phalangiurn SN 
opilio Srn F .11 .17 .12 .11 U .1 Lf .19 
- F - - .- - I -x U - - - - -
DV 
F - - - - -Srn U - - - - -
ORDER 
PSOCOPTERA - F x U SN 
F Srn U 
- F -
I 
- - - -
x U - - - - -DV 
F - - - - -Srn U - - - - -
, 
j 
January 
15 22 29 5 
.13 .07 .07 
.09 .07 .07 
- 1. 40 1. 00 1. 20 
- .20 . 80 .60 
- .40 0 .58 
- .20 .49 .24 
- .20 1. 00 
- 1. 00 .40 .40 
- .20 .63 
- • 32 .40 .24 
February 
12 19 
- -
.33 
- -
.14 
- -
4.80 
- -
1. 83 
- -
-_. 
-
- -
1.00 .80 
- -
.32 .37 
26 
-
-
-
.60 
-
.40 
-
-
-
1. 00 
-
.63 
March 
-
.10 
-
.10 
-
2. 80 
-
.97 
-
• 30 
-
.15 
-
1. 00 
-
.55 
1'0 
o 
CD 
